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Carboxymethylation, alkylation Chemical coupling

Chemical crosslinking
/ | Graft copolymerization
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HO HO
HO \H NH OH
/ R/
R L n
R =H, COMe Glycosidic bond
cleavage degradation
Sulfonviati Metal coordination
[ IE onylatl_on ] Chemical coupling
alkanoylation Chemical crosslinking

Graft copolymerization

Alkylation
Acylation

Schiff base

(2-4) Jsd
(Aranaz, et.al. 2021) ¢/ Jsisdd) By gaill L8 48038 ol avalaal)
e dusliadlly duslaasll aaled o il Ja hsudl) adlanul dajhy jaiae jig
Dg3 ol lly o) Aalisay Jinad) £ 3 (ggianag Aol Anidly Juial) (elly ilarcal) as
cAlgds 3laiy (gdll dgaaldl dulledl) aas 8 L)
LY Glasgl axe e alael (jgillagh€ 120020 o ohsiall Jsall (sl o5
B N hsudd) caa (Ko gsull 1a galad ey ¢ (Kulikov, et.al. 2006) (gsall el
oo B (LMWC) i) sl aiiie ol I &ijall Lgahl colalal Gy 2yl ol gl
ysilly sl SLE 700-150 (MMWC) isall sl awsio (lysiedlly oysills sl 150
gl di 5 .(Minh, et.al. 2020) g5y <700 oo ST (HMWC) el il e

ddlad elliciy Nontoxic 4sl—w ey Biocompatible Ligs daslgie L3S 8 BN g &l
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(Doval, et.al. Antimicrobial activity (Sl—ug by (LS cculiyhi) cilig Kuall 5ol ae

5 Alle i @ MMWC 5 G 5SS 8ol iae 30l Lgaails ¢glin Laiy ¢ 2023)
sl e sl 8 5SSl o) ey 8 all agas Ji Adles I3 HMWC
sV paddie Ohsall A sasasd) @b e ST ecgiad) J3h Aiing e Ly, Ldn il
sl e s all cilie el Gl daiiig dlsgw JB Aol Cile ganall Joag Lae il
s all il miiie (gl 8 sasmsall ol (ye Aaal i 5O slima Ui el
Aila UIKa) aniay Loa cbuljie dling A abiie Ang)l ld 4le Jillaag cllle Lligh elay

-(Aranaz, et.al. 2021) 4.el)3lly dpkally 48000 Cleliall e\qs:wf}d
Ohgieadly sl jabas —3-2

sl e gl 0 LgigS) ill Zin—al) fugandl Spadsadl (e olysi—aly (Sl amy
OS b il ey Sl angy . Legaliily Laglyom) Ayl fialll (e aal) il calls ) (ggn)
Lo il il ok 31 pbLadl ses Ziadl 3 By usend) il SIS 36 sas alel) o (S
orrall Gllead QIS Gl <H Jasy ¢ (Bastiaens. et.al. 2019) ohb 10M-10"" (s zsh
o ol lsSS yie dlly IS 3gag Balall o3 it A IS g S Jhe (gounl
e ol u.DJ ¢ (Doval, et.al. 2023) dall ISl (e paell Ll all Lo jlall JShel
-2 JK4) ddbae jalas (e hsndlly il 2l e ppuall Aabie dpialall diw cpydall DA
obass o (Liu, etal; 2012) @iy dalls « Sarif, et.al. 2018)) @byddll Glaal Jie (5

(Synowiecki & Al-Khateeb, 1997; Chobot, et.al. <lyhdlly ofy cadld) Clladall LIS

. 1995)
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Squid

L

Fungi \ ’ Crab
Chitosan
sources
Beetle /\ /\ Shrimp
lns!cts
(2_5) Js&

(Hemmanmi, et.al. 2024) & sl g GlSl 4o 1) jaliaal)

Crustaceans «ladl) —1-3-2

a3l abay Shrimp Glus lls Crab bl adl @lly & Lo by &all Zosylall JSLgll o

ey GlIA % (30-20)0r b gl Gm il (e Alle A e ilgal Crayfish
Ly ¢ ploadl o3 sl i ) Ll by sl e o g A asall (s illy (S
e Aailil) b all i) e ol all alanll Al daiyl et LS LgaalSs (pmledsly caxail) e
dahie lalie 85 ofialll (e aaall 28 UM ¢ (Casadidio, et.al.; 2019) e} sua delia
Lgall lagkall 8 FOARECIN lydall e Ghsddl gadanwWy gyhll Jadl )y Alladl (4
(Hong Partarakere & Riyaphan, 2008; Islam, et.al. 2011; Walke, et.al. 4kl
sedan 51:519.«:\5 Otug M s 48 Asllas o) Jeyanth Allwin, et.al. (2015) S352015)
oailad (e By dga (e llad) 038 (e alinll JadY) danylall jiad lysidlly )

(@A) dga e Lusaal) s
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O Oluglly sl ) js 38 e olysidll Jie 40\l Hassan, et.al., (2022) <3

doan Sl ilall pelaly L 5)Sall AUGY (goan FidaS ooy Lgaladiady Lille b dudaall G3lpuY)
sl Ol M e 8 i (e (sl JdAS Wl (e Ogretman, et.al., (2022) lede
% 18.82 cwaly Jalall dp s o) LS5 & Pink Shrimp (Parapenaeus long ireostris)
sl Sl ae gl ul WS gills LS 310 &y ks ey % 81.50 A ) g3 dayg
Al dary %15 il duals duwdy Suanll dae (8 Olug )l ed8 (e gligidd) Jie e (2017)

Losith SIS 17.782 s (395 %98 cialy A maalas
:Fish scales &laul) gdd -2-3-2

SSU o) el Ll o s @lan) delia (e dail Clilie e o8 e
sl lellat o s 8€ Ay Slie o Len Bl b gk ol gpile 12772 00
BOD (Biochemical 3 COD (Chemical Oxygen demand) —} bk 52l ¢ al)

.(Salindeho, et.al. 2022) Oxygen demand)

—30 clisgpll fie waj Aledl UsSall e waal) o LS 3 Al ) 5 38 (g

il A e Aled) Glilie (e GLS)all sda adaniad ola Gl % 30-20 (ulSlly %40
Ol Gy agiy (Ml ) (e Kumari & Rath, (2014) g s . LJLAAEB 1—\-1-\-’ dulal
o=daiul e Kumaria. Et.al. (2015) ¢S - Labeo rohit bl 8 o olysidlly
Gl BlsuY) b Aatiad) dlend] )58 Glilie e % 61 il ALY g5 dayy Gyl

gl
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D58 (e hsidll padan b Aichayawanich & Saengprapaitip, (2019) 2l LS

Gilallee Alrman, et.al., (2023) axaials . 2Dl 8 Alewd) auiad dalas (e 4alill e

Tilapia dlewl Cailya o ysiaddly Gl Gadaiul Cag i Alial (sl daliag EEPIIVES
:Insects <&yéall -3-3-2

ST U< G asl) aglonl) e st Jumds sl 2 Y doy reaeS Ciydall cagls
Djlae Jol dug wme ye alge el dall 5y Gy ogind Aal) GLKY el gsane e 4 95 (e
O o B (sla€ Al (adlail dlee o181 bl A1 gy Law iyl Gla sl
dach) 3 Aoy dal) Y A 8 die) Ayl iy ly Sal) e s dlly i€l DAt
.(Casadidio et. al., 2019)

Clahyall Capglal My ciyanll dlajally £ ol Crun Sy diall 8 dsagal) ilSl Gos cglis
Rl alial 37205 liydl 877 do oaS i w e g 3 e ullld) (L _iis
Clill 3767 5 Al alial) 3772 Y ohse s ) asl Jisat A J o Lty
ek iy dall e gidal) hgie sl of Gl i WS ¢(Hemmami, et.al., 2024)
@l B8l (3l Lk (AT lias (e Gudall Ohsdll e dgie o ol o) dgilie pailiad
(Wang, et.al. , 2020 ; Schafer, et.al. (gpall Jaill Ao Lblallg cilig Kuall aladl) aliall

.2025)
ralyybdl) —4-3-2

dogall Gl cadlly 8y ) ) die Glphaall juedtg dugaall La il Gilelh a
J c prrcer C._Lu

(Huet, et.al., Sy el gl 20<H (e LRY) GV dpedill cleli ) e Loy
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s Lebaley Lgios ol Sl e ST il i) 2 Bl pe 2l & jhadll &ugual) ABSH (51 2020)

OS5 Ll s e paltil sane Jsla sk . L 5l LS Ly U Lyt Gl
O sane @l Cell G Lgie saliwd Jolall aal g ol illy ol 2 1) 8 gDl
sine b Lt %0 16710 O b lbphdll e aaall LA Ghas A Gilsl) (g Jasigia
o=daiul (John, et.al., 2020) ¢ Uil .(Jucker, et.al., 2020) % 28-26 (s sl
U L ¢ % 30.04 &bl p=adlan ) Jararg Termitomyces titanicus  hdll (e ofygi &l
g5 4a)n Agaricus bisporus ag<all Hliw e olisindll 30 Shahadha, et.al., (2023)

Losilh LS 46.922 &l ks a9 %83 sl ALY
dayae Eloil asag 90 Ohsudlly (Sl HaiaeS dphdll dagaaldl ALK aladnu) aaas Al Cigaell (1
S LU Aghyl) Adaladl byladll ¢l wwn Rhizopus oryzae b Jie lsaally olasS

.(Kaczmarek, et.al. 2019) bkl sds e Jalazll aie dlle LoDl ula A3 ey
:Mollusks «lga,ll —5-3-2

Sepia kobiensis , Sepia i ojfyg il L\_o.\_AA\ \JJ_AAA Clgasll (e e &\}ﬁ g

¢ (Al Sagheer, et.al., 2009) (<< . spp., Loligo lessiana and Loligo formosana
% 85.55 cualy Al &35 Jaras i 531 S. kobiensis Jlall alie (e hsidll padian
ysirdll Hual) Blail) e Aol 508U aliaall Laliall oS ¢ysills 5L 322,04 &l ks (o

L oyladl

3
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Clsiadd) (adAaliu) d’Jh —4-2
adl S coml) oy e e Aaiaal) by S8 (e A il JSLal o il LS LS
JSlas Gl B 038 (358l Sl Y Aagall lcaall (po 203 che 4y 8y Syl
5 -l B 5l e B A s S g S ool enlisiy s At A s
) oy 5528l 0 Sl J b (18 cLam 53l gl LY il (2024 ¢ pee
.(Seenuvasan et al., 2020) .& La¥ly o5l A3} wi Glal) Gams A copalaally clisg )
A Ohsid M abigany ol (adlan WY dibiie gyl G slael I jaladl J-‘—“-‘-’

-(Hamed et al., 2016) Zigally (igbially cddluasl gkl
Olgiadd) (ALY ddlesl) Akl —1-4-2

Lglledl has ¢ ofysinall adlan w sl Glai e Lohast wl A<V Adluel) 2kl o
Gl Gauat Apdally due ball ilpadall Cwly & Ohsind M abigady ol Juad 8 4l
sl Aoy . gl e lifiplly agaudlSlh sy S A0Y g8 aclidy (aslgs aladiwl ddkesl)

dallaall gyl ST Lebeny padlas ¥ 50 5l o V) ¢ Al 5l Jie daphall 038 e (e

el ) rdaundy Jalye S (e danylall 038 o5& . (El Knidri et al., 2018) Wylad e
c ) e sana g3ig g nll A1)
:(Demineralization) (!l 43 —1-1-4-2

%4 585 HCI Jslan b canis s s of (Al-Saad et al., 2017) Gl Copel

;Ld\_m C&L\J\ d_u:: ?3 cud\.xaﬂ allaa E\Jbl ‘Al sz e cde i 24 324l 1:14 u)_g 4511 e M
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HCI Jslaas caalge el jsi8 of (Arbia et al., 2013) A caacagl ¢ blaally . jlaidll

%94 dawy (alae Alh) Ciding ,25C° 2o Grclu ad M1 3SH
:(Deproteinization) ¢ig ) 4 —2-1-4-2

355 NaOH Ustaas ¢l 38 (50 3l cacyl mle «(Ben Omar, 2024) syl G
PEN )LM\ el J—all &= cz\ﬁ‘)d\ é)ba daHn del w24 524 1:12 )9 L:Jl eaaz\.\_u.u %5
52l %6 S5 NaOH Jslas (Seenuvasan et al., 2020) 4wy Caerdi wl b .pH Jalas

Y089 cualy (ying y Al BoUS diiae «C°60 2ie (el
:(Deacetylation) Sy cile gana gr-3-1-4-2

%50 5<5 NaOH Jslaes il dallee of (Al-Saad et al., 2017) il iyl

Aty Jiedl) lesane A LY @l peianal) chiill g dels 20 5201 C°100 i 1:10 fnesiy
(il & sl e by & e Jy5 waall C°45 xie dduiaty =l e 20 «%98.5
Glelu 6 52:090C° 2ie %60 355 NaOH Jslss (Bashiri et al., 2025) 4 caendn ul)
sl e Balial) ae %92.7 Gy il A1) diine (el 538 o ygidl) padan Y

Al ilindall Guliall il
Fohsiadl) adAILY Aulipal ddyhll —2-4-2

ot Lagad ol 4Lesl 5yhll saely Jilay sl (adlan WY 4Lyl gyhall 2a
CadlsSl) alasin) Judis ) phll sda Caagh Cus Aol ially Binll Al bl gas asgl) Jla
LS aylall ISl 8 Ll )l S Saint] 48058 Sl fige e alaaeYls s &) 480

oty L Ohgind ) Y abigany ikl padlat wl Jgww Lee cella ) 558 Lar s Y cpall
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(193 Ay alaat ol Ay A5 Galss (63 gzl b aed 3okl o3a o Y Ko dealie

.(Ahmed et al., 2016) &) e Ll 3k
1Al gkl S Cag

Ultrasound-Assisted ) <fis—all 55 clagally dalladdl —1-2-4-2

:(Extraction

Ol Jie (@AY sl Y o lewl) 5588 Gyaiae vyt e dinylall a3 adiad

Gr—ae gaes o g Llle Ao by Jah (Jas€ 40-20) dulle Sl ogalal il
G LY 535 Las Cpnill Balls uaady ek A Cile Ui Al (llal (menS Cipe
O Bas Ly pell dy el 2 Vg cilisig yllS Al daaliadll ilisSally (pnll (g Jaly
Navarro- il yelsl Gl ) Al challl e dliny (adas W) dlled (e ady Aoyl s3a
D38 (ye sl 2 hatul 8 dnsall g ilasall dalledll alasnial off Baez et al. (2022)
dealal) aly Gun a3 dally 45 )lie Jagale IS dualal) dow 5045 ) (ool dopail) lisl<l)
Cun o paldi il ofygindll 83sa (A Gt Jan gl LS L daxdt cuall LY dlgall (40 %85 Jlss

o3 DAt WU a U gl il ) AU i ) g5 e Allall daally el o 5l

Bipia Lelens Lew lilaidl (e nlly 5iliall ALl slpall aladid s 3 Liad Craalus 2yl

Al sl 4l

High Hydrostatic Pressure — ) ) <ol ngl) bivally —2-2-4-2
:(HHP

N 100 s zohsis aiipe Tl byl of el )98 Bonane (iaym ¢yl 028 8

Al Qi Y el S all (g25 Aliae Bs Cilagd die e Jaaeg Ja1y JIS il Uie 600
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Huang & ) \g: a8 il gy . ohysie 5 L1 GaY Jjar sl el o3 agusiy duslal
(Ul iz 600—100) el Siibinss prught Tasall alasiasd of 4l s iaasiWang (2023
S iliay Ly i) 5o 5ok ) ool clpdially s 59d8 (e olysndll juiaa)
AlaSlly ALl (il adll e Ayl sda cabails WS LAl 3ylll 4500 % 78 s
asbond) Bl s ) (oo Lan i W) 30 Adlad) dasally usal) 3l Jie e fysnal
Dl Jaliy adlan ¥ 530 Qs 3 Ml Jaial) aalos cclld ) 28l . Sladl) il
caobeall il Aalaia¥) e 3 Lee cdeddiall A8Lual) 3 gall

Atlally ALl (i) e Bilaty (AT N 5L (o (et Akl a1a
@333.\4]\ BARA i 5L e BT IwAL

:(Microwave-Assisted Extraction) ciigg Slall ddyhas (DALY —3-2-4-2

o= (Microwave-Assisted Extraction) «igg Slall acl e (Dl w¥) 38

L el pt8 oo dugend) bl (o olisiatll oDt s Alladly Fand) Akl (3,00
AL last o e Akl sia e Al Gl Alie 8l el i (Ll (e 0
5 ayay cilisi ully (ol Al5] sk 8 Ausllad) AoLall Dol el AnusLliig )
Aayd s paDATLY) 5ol ppn ) (535 Lo el (s cpaead (M Aslall (e e

-elaall

o=dat ) A Al daylally Cangy Ll A2k 0 Nguyen et. al. (2024) ()l

Alesl) By LB Cun e Bl g Sl it WY el Cum clug N s (e sl
s dir ) g5 Ay cialy oalil) Aapkll 4 clela 4 e 3Sh &5k, ot 4380 15 )

Aaglll el 5l Jhe (@l oligiadl £baslly Asbiall cliall b (mend g %89
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5aalg alg 875 dalay gy )il aladind of Huang et .al. (2023) L ol &aa Gy cyelily
Lo sg combiie JLia s %86.7 il dinad g3 Ao Gygu iz bl o 2o lu d2da 30
03¢ Slaally Uall DY) (alias) @il sy cdgually A ariall il (s anlsy
il g e aliall ae cdpadiil) gyally 4 jlae 3kl
Folsdd) GadAIWY dgadl ddyhll —3-4-2

Aadal) WY aladn wl Wiha) ey il (adas WY saaayg 5)slaie Ll 238 aa
OlS g ddle due gy sl GadlanGY) ey LAl Claill ol ilyladll ol gl Al
Liadd a1 lasid Ol um Al Fiplalls 330 Al Ul cila ) el 2o f35t
e dugaall Aahally S ) 26S Qi (Say WS ¢4 8beSl o S)SIL ddasiyall Hhalaadl g
e Akl o3a Jai iy . (Nikhitha, 2023) el &y 3 s ol cae LSl Pla
1Gghad G
:(Deproteinization) ¢ig ) 45 —1-3-4-2

Bacillus 5 .Lactobacillus spp Ji aady @lilS e gouall juedil) dokee em—uu
i s 8 Ll 5 Il Ayl il it il s ) subtilis
2 gl ) 35S e al s il a3 (it e o8y 8 (sm s e
Ofigpll (e %82 s dlly) ) (ool Bacillus subtilis PAREGI o) Abdulmajid et. al. (2022)
AibesSl) gylalls 45lae Galiiiall Gl 5aga e Lileall pe ¢ yueddl) (o sl dsed Dla
(Demineralization) ¢laall 4 —2-3-4-2

$Ui] SlaOU) (mes 1Y Lactobacillus plantarum Jie SlaU) (sl LSy eh-‘—w

Younes & Rinaudo <ing . olaadh A dagatiy asaadlSlH ulign S 4003 (8 2o lun Laa ¢ yaedal]
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il e cataall 0w %90 (e ST AN M ool L. plantarum aladi by jaeanll ol (2015)
(o A b e iS5 gl s 5ol (e B il
:(Deacetylation) Jis¥) Clegana £33 —3-3-4-2

cominie S NaOH st ol 4aeal) Loe ) Aalled e Alaydl oy adies Lo sale
)y Lo gl o V) caghaddl sda aoy—aaih Aopladl) cilasiiy) Goans Plaa Y Ly OYslase cllia
ds ) hel %5 555 NaOH slaai wl olé «Suresh et al. (2023) caes . sk ) dala,
(e i wdl chitin deacetylase Jis clapy) aladt wl Lin %75 ] <laag il £
%45 s> cialy G s ) ol Mucor rouxii
Fsiddl Aubally 4lipal (ailadll-5-2

Bl dda gy (el lgany Aaiiyall 3 GaaljsSolall Llas CaYT (e Olyginlly ol o<y
50 %50-15 e gl ggins (ORI (e i o8 g3 A e Talaiel llyy B(1-4)
Ll Glegens e Glgisg ohgally ookl oY 1lai . N-acetyl-D-glucoseamine <lasg
Singh et al., ) Saee Lanslsn Dlsal hela Legils %8 ) %5 (e zsbis Coms i 553y
(2017

Slesane st b 0o 42l A N dis ) 530 GRS o Gidie 98 s
Lol Siolits ol 3 ol 80 LB 4 ol 2 of Al A Slegens ) st 8
ALY 8K sany US (e iy Bl JSo o Dlesane 5mg cann clldg oIl 25l
.(Islam et al., 2016) Jiws¥) degiic sang IS o cal) degane

i ) o3 Las clpg o Lo Jnall AL oy ) 3 e linl) il gasall a3a
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) Aapns eobisdl) @l G Ly cdibiaslly Aibiuil) 4 il ad PR e gl pailad
Ll sl cdagSllg i)
143l Gatladdl —1-5-2

:(Molecular Weight) i) o 1- 1-5-2

Al (ailmall Jlo 5 8l I 8 55 A Aol o8 delsall e Sisiad) 55l 2

by AT al By coyioae o laldie) 4iad CABAS Cum (s Sl Augally Zilaslly
isisll (s .(Abo Elsoud & El Kady, 2019) sl dayas gl S50 Jia onatl
& (Matica et al., 2019) e chasie cmbiia i il gl o gl 28 ) 5ol

e aaell o lie e aleny oo ciligd Coe g 4ing ) g Uil Sl (gl e olygie

J—ai ¢ Laall g .(Hu et al., 2018; Minh et al., 2020) dulwall el wall cilaulal
Al el 2V aeally Agaal) lindal 3 (kDa 10>) iiall sl Gaidie (figiadl olaaiud
Gan Luagad cduiilagll mla uY) ae Jelial) o 80l a)y cating 3 (aliaily ¢oligdll Aullal
iall sl g o ) Sl i (Choi et al., 2023) 8.5 53 ¢ b pH (s

kil Aadai) b g A alasn (e an Lee cligdl (mlissly dag 3 80k ) 25

gl el cdagaall Aalill (g . (Alemu et al., 2023) dlle duibighg ) —w SOl
Lol s pe delinlly LAY Ghas Glaa) e apndl el LyaKll salcae 3dlad -p3l) abiia
e 5uSOU alime Lality Jaaiy aill 1aa (o colaahyy iy LS L gail) Tadin 1) (535 Law cddalal)
(il gl e A lawsie ohsaall WL (Alemu et al., 2023) dcassidl clpSall
Qe jig Gy o pnlolinll Ao el (ie) L5 ity dplall Bpde Y gl 8 padn e

@ Al i Lee cdag 3l ¢ L8)ly Glisall daagann (e Slay 43S (40505 dasliag 4SS
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il gl o Al sa il yekil 5 . (Alemu et al., 2023) dasyud) dygaal) il

Gphall ST e a3 ally cag U1 Ayl aladiuly snaat g kDa 226.1 il paliid) o)sud
iy dpardoal) Leludlas JalSs o salall lia ) 50l 138 ey Jlaal) 138 8 3835 Aalsy
Iber et ) sasall e olsind b il cilinbill 2aDle lebaay e (Aol (adlaia) Loy yd

.(al., 2022; Kasaai et al., 2000
:(Viscosity)da g3l —2-1-5-2

o Aals (il s e 55 Al Al Y1 ALl GaSladl e dag3ll s

sl Lie cdlanie Jalse Bae o ety dSa hgiadl) dag 3 adiady AY anally 400 <Y sl

ALYl «larwall aang ((Degree of Deacetylation — DD) Jiw w1 £33 dayas ¢ Syl
Ol Baag ¢ paalgdl 3uS5g B )hall dnpa

Gl all ) Cle gane d2e gyl J gas Jon Y g0 Ay Baly) O Cagpaall (pad

ST A € g ) Dl (e S0 g e A e Lae gl Tin il

LA/;,:J pabon Ohgidll aiipall el el Ol cais cd6l) 4y .(Aranaz et al., 2021) dag)l

Zid et al., ) S Loy o Ly dpedgl) ALl ) 3ies sl s g3l 5aby 3

(2023

Aaseall Aay0s Bl dayd g i) pe ol ofysindl) dag ) o S saae Slad @l

O el dli ) a5 dalsall sda (Al o) s .pH) (Kasaai et al., 2000))
Chattopadhyay and ¢ WS g3l (e iy lee s 8T U8 8 sadsd) dasos cJudld)
(o) (3l Aylie Aag 3l b Uspale Lonliail el (gl ofjs502) o Inamdar (2010)
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M oaliail Jan gl Gum cAag3lll e Ll 55 sl sae of gl coyedal (el Sl
(st Alls 8 717 Galeai¥) iy iy cgalal) sl b dele 24 23 710

23355 3 S g3 laals &l 8alall s slpadl joemaly pocanll syl (8 cp3] dga 10

Benomar et al., ) joaddl DAL  AlesSlly (gouill oSl Y Blat (lign Al day )l

(2023
:(Degree of Deacetylation — DD) Jsiudy) 43 430 -3-1-5-2

sl (ailias 8 oSam ) Al dgudl dalsell (o (DD) dinsY) &3] &30 203

Fal) Apall 038 Sty sl (gpand) ALt e 5y tlie Bysmy 505 Auibually Al

33L) I DD gl (a5 s A<l cilasgll g9ens I D-glucosamine <ulasgl 41 gal)
Llug) b sl anlla o))jndll mie Lee chansall Zindll @l sl dried) Gl ganall dae

Agaricus bisporus ki Ge (alii wall Ghsi &l of (2023) sidkes Zid caalill oy
4l i e Llay) G€ail Lee ¢ FTIR dalad ahadn b %86 cualy die o ) dsj0 ekl
5 Lo shg el ail) dag 3l Candtlg o wmentl Tl wg¥) (3 Gligdll ALE ol Cus L dailsl
Ohsdll gl [ailiadlly DD (g 4aaphll A8kl
@sall adl s da W30 Al A of ) (2023) D)y Benomar Ll el
SlieY) (3 Sl Aulled Copgll daiiyal) DD il cilipall o agi—alpy il caiy a8 . o5l
b 8Ll DD b (e lee ¢Lpa€Sll sbiadl) Blaall 5505 ) 38LaY L AZo dxal (gpual

) Sl b sl 5eli aa
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% 1 355 (bl Jslae e Je 15 juamas &5 (Al-Amery et al. 2017) <3 Al 44kl

Jolae Gl 2P Gl el g ccldall (mals Jslae (e (pas/pas) %l A (aaa/))s)

i il slall (e de 15 b AP Gojll (el 3 LS 25°C s day die gl
-Gyl Gl

Gl 25 25 AEESH A alaan wly Jhial) slaly sl Jslae (e JS AES Gl 2

s agltl) daleal) alasiuls (Relative Viscosity) sl da g3l

n D1 _ p1t1
"Dy paty
P ol s
slall dag3l i 1o Obsdl) Jslae dag3l @ 1y
Sl el Gl ) 1 SRl Ghendll Jelae lual (e 2
(Uopt) sl TS p (Ua2) sl Jolas 2ES : py

Molecular Weight Determination Ajall o)) &5 4-5-3

)




Aag3ll e Ialel ¢ radly jprall led 1388 (o pemaall figadll Siall sl cos

Jslae (g ddlide 3815 jucaasy g  Al-Amery et al. (2017)d3 (pe 8583l diylall Croas
U'AA\A d}&@d(—;&/ C9 % ( 04¢035¢03¢025¢0.2¢0.15« 01) ng:\:\_i“
cosl) a8y cAnypoall dag g Aljaall dag iy dn il AagHlll el 5 (ana/pan) %1 cldal)

. (Mark-Houwink equation) <¢luss ¢hle dalas Pl e il

[n] = KM?2 — — — — —— (1)

[n] = Ligr(;(yred) = ygg(ymh) —————— (2)
(Tl

m= () - @

:L'ﬂ Cus

dL/g rsll daglll i g

Obsudll Jsall 5s0:M

Hiadl dajay cuddly saldl g3 Je adan culsi: a K
K=74x10* a=0.74

:(Water Binding Capacity, WBC) slall bay; 418 5-5-3

i celld sy . i) oLl a o 10 e disad) G e 0.5 Leal) (il cibla 23S 25 sl
& Jas duall cun dnl sasly 428 sl (Vortex) selsall Jladl Slea aladn b dusul) Gliging

S5 L3 10 JS ol 5 sad gl sale] pe cdhd 30 sadl dbjal) i Anp V) oS5
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Oe oaldall aey L 5asly A2 5aal A2 [5)50 6000 Aoy (S5l yhall Slea alasn Wl )

AT Be ol iy bl

1Y) Aaleall pladiils (%) elall dayy L Gles 2

100 x (a2) dnall (ys [ (p&) Ladyal) clall = % elall Jayy 20018

(R s+ A2 s sl ) Alabeal) s gV 35 = Tyl Sl o Cas
:(Fat Binding Capacity, FBC) caall by, 4168 6-5-3

No ,Meyers & lee, ) Jid (1o sacisall daylall <y alaan wly cpall Jayy 0LE <0
Cu) 0n e 10 go gasadll o a2 0.5 Ll Cia ol clila 35 35 Augal 35 @ll3g (2000)
a8yl 5yl dsyn us} A ¢Baaly dady 3aal Vortex jlga \m S\Tajgﬁj\ Gligiae Lald 3. gl
bl Hleas Y QA_u edlh aay L 338 10 U< u\jz 5 baal ay—w Lald ae (A8 30 sl
\qm Y Q.w A ezl M@ (Banly dgda 5adl A48y/5)50 6000 Aoy (53S el

A sl aladinds (%) oaall )y AL Claa

100 x (a2) dmall oys [ (p2) Jniipall ol = % paall Jayy 40l

(Al s+ Ae)E as Lsn) 50— Alaad) aey Aigs (s = Ladipall Gadl) of us
:Determination of solubility s\l jad 7-5-3

SKim et al. (2004) U (e 5ysSaal Fiall 38y yaanall (gl zipes Ay ik

o Jo10 st Y Gl 3gl asbae 55500 35 sl daagy cligiadl) G ab2 0.1 (53

Ay Bl dials b GigalV) iy cdlld 2010%.  2:S5(CH;COOH) ldall iana Jlae
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Cebie Sl plas ) dw S A wlB0 0 52wR4°C Bha A aie A 38Y5,,040

dﬁj ({.'1 cdﬁ@dlo Bl 2\-5:\53/&9)10000 2\.9‘)_4.»;,1 i:vs_).a J.u cz\ﬁj:d\ bb; z\;‘)d él k_i‘g-\-&\ J:I_).IB A
oty (Al e i b ¢ laball slad) (e Q25 aladiwls 43I pe @A cl e, Sl gall

20 5245°C Bl Aayy (b B A e EEA Cia g oA gl Jaal, Aoyl

el
A bl aladiul Al i) dudll Glis
solubility (%) = E%i : xzi X 100
POl das

el sl 55- Wo

lalead) J8 Ghsisdl) ae sVl 39 Wi

el 2y A e olygdll ae sl 59- W2
:X-ray diffraction (XRD ) 4sid) dai¥) 358 8-5-3

aulsy Sianlly Hsuall dlend Hodd (e umnall sl Ll 2edY) 3ga blail (bl 2
Lyaddg A0 KV coaly dglgang Cu, kd Ariseadl 225V jrme (S5 Xeray  Assadl 2591 Canla
&9 25°C s dajy e 42l fia)n 0.4 dey s (80-8) e 2 Th (20) Ly 20 mA

;A Alled) Coin bl gt Ll Gl

]x 100

c
Degree of Crystallinity % = [m
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Bysliiall aadll = Ac

Sskiall e aadll = Aa
:Scanning electron microscope(SEM) geulall Jg A jgaall 9-5-3

038 e yeanall (fsidll Gl mlacdl Laglohyse dudial sl g SNV jgaall ariad
§9§j KV 15 cll &)Lu'.'\.o AVEN| é)j_‘aj\ L ?33 2\_\:1:& C_l.-a_m ok G L_.r."""""jb M\ él.&_uj
500X s
FT-IR shpead) ciad A Cide Julas 10-5-3

Fourier Transform Infrared Spectroscopy (FTIR):

Gub oo GSelly srall dledd j5d8 (e pimadll gl Ldda sl aaclaall e

Wongphan & 3 25 e s (FTIR) Slea alasiwls eheall cans de i) calidl s
.Taneesuphongs (2023)

Loy KBr Galall agawlisall duag o ae nim 0.5 590 disall (e 4885 abl Jas 23 s

32 Gla e 320 Jaeas (cm! 400-4000) Jlaall Geia (asill (gyal Lass (1:100 w/w)

<LkY Deacetylation Degree Jiia! g3 da Glus 2. dom™ sl dalilas A8 50

Adul) dalead) (389 oygnddl

D% = 100 A1655 cm™1 . 100
0 A3450 cm-1)” 1.33

1655 BUas vie dvabiaia) Jiai tA1655

3450 BUas vie dvabiaia) Jia :A3450
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:(Kjeldahl Method) J)uis da b aladiuls S cpng il otz 11-5-5
Aiphll oy o all 8 KD s ) ggine sl Aadal QS dih plasial
(A.0.A.C, 1990) s 8)sSadl
sl gl Galsil) 6-3
:Antimicrobial activity <l Suall Salaall 4ledll 1-6-3
Jeyanth Allwin, etal. (2015) lgias ) Lyl cusl
:da yall Lisl) eYjes 1-1-6-3
abS L ial Lagall Liilly Escherichia Coli - aS daal 0Ll LSl cuands
dbadlae A 5aVlly Jilall die (M) sl mpall (10 Ag3adlly Staphylococcus aureus
@il ayall Ly Je OWiall cubaes VITEK- 2compact s dauls dad dally (lows

cahadnua) cpal A338N 8 Nutrient broth  Jilull
PO lga oy juaad 2-1-6-3

phe¢ Byall o &ifilly datiadl 580 Giledat Crs 5 Jloe o3l Dol jraan

crag Ll gl A 8 A28 15 82 1.5 darag ¢ 121°C gHla dapn o saiagall Jawsl)
Aaiae Glbl
t LK Jadds 3-1-6-3

e lw
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1.5 Jabay il McFarland 0.5 3855 (o)<l glaall yuass 23 (paal) 5738 olgii) any

.x 10® CFU/mL
: LAS aldaall (fginddl bldd sl 4-1-6-3

S S B el A siall HsiB (e paliicall Ghgadll e dibiie 5815 Giyian
sl ofygiall aliaall Bl Hlaal 5 LuL (2.0 ¢« 1.5 < 1.0 < 0.75 < 0.50 <0.25) o=
LASll lee iy @llg Japfil) dalaie jhaf (bl 313k (o alS drial & gally dalladdl LSl e
Dl & jcaadlly aliall i Jlse Jawsg s e (3717673) 2adll & pdanall 4l
5SIE e anle opis IS e iy ple 5 Sl uldll Bl Aoy is Jae o3 & (2-1-6-3)
iclu24 sad dnalall 8 GLhY) Cieday o 2S5 < @) Sa EDG ablgsg olygindll (aldte
il dsa saill e Al Al had bl 25 3 37°C Bha dap e

sl aladiul disall A1) 2-6-3

S e B adl ey A yseeall dles 5588 e alitead] ol ) AL Cuuys

(2023 ¢y oAty wnl) i—ay AV Al o Slall Jolaall (3 o850 Galiiall das
Claas 5 i) e b ] 4l Ciaaly /L 2X10° S5 dhsaall Jslae 0 J30 s
P nm450 s Jsh UV-Vis Spectrophotometer  <ildas alads uly ol
¢ gl DA dreal) 50d b el dalidd 3283 (70 60 <50 40 30 <20 ¢10) Adbiae i
kg @llyg sandl gl Blgs 3 de ) Gl 2y - Geadl) e Bela) cand Al oha)

) ey AualiaiaV) 5ol s i) (e oaldill LiShe Jsladl)
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:DPPH J) d&yjhas 50usS Baliaal) dlledl) yads 3-6-3

Deyermination of Antioxidant activity by DPPH method
sraally Hseaall el 558 o paldtall i il 52 w8 Baliad) Adladll a3
5ya8 ulad e aaimy (sMly <DPPH (1,1-Diphenyl-2-picrylhydrazyl) jlosl alads  wl
aishy ey (53 DPPH cull) ol [ial ae Jeliill IS (e 8all ygiall sblaal o b€yl
A st e Loy o) sl Jals ) j3adl 130 pe paltiaal) de s (535 3] ¢ ool
Wang ) Js e o5l JsSis sl (b cangs il Bkl g 181 5 85 sl e Sl JC
O ple 0.0024 LN A e Jseg8e 120 3555 DPPH Jglas jraas 23 (2024¢et al .
Jafarle 10 0p28 Sl S5 Ghgundl) paliiue jpiaat & WS (Jgilia) (0 Jo 50 4 DPPH
Butylated )BHT i «(well plate=96) !5 o H—iloe Baraie lawdds elyal g
) DMSO b e dfaile 1 35 Aunge Al 53U pass ol s3i(Hydroxytoluene
Lilga A 2z i DMSO Ao gsiat dallu Jaslgaia jrimas 235 «(Dimethyl Sulfoxide
Sl i @ 5 DPPH (30 Yy Usiisall plasialy o5 slpall s o ) sl 3l 5l

Jlae o ilg 5800 200 e dasla sl Gl e IS o il 5S0e 22 adlsy #1818 Ladlyalls

ol 5 @l dayg Ay 30 saad Adjal) B dayay DUl b I s sy «DPPH

20l Aabeal) aladsiuby

C_AS

Ac

Inhibition % = [ ] X 100%
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Inhibition % = [1 — %] X 100%
s
Abalaall dnall 11493l 517 e alaia¥) = A,
ALEAY) Al e ggint ) el 517 aie palaia¥) = A
:gjl.ma\;\ Juladl) 7-3

sdinl asaaill 3k SPSS V. 28 zaliyy alaiely giliall Slaas) Julaill ohial 5
one-way ANOVA table «jlai Completely Randomized Design (C.R.D.) J.\sll
el alie o Bl Agl alsal) Cuadyny dealad) Colaall ilaaa Y1 sl (gl Laiy

-JalSl) Algdiall areailly Factorial Experiments dilalell
e L.S.D (syie 35 Jil dad e ;JL&:\ Slawgial g Glig @l dogias Ay Coad
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Results and discussion



AbasSouil) Galsil) 1-4

Ciledy Sandly goreall ledd )58 e Jgyaall Ohsardll LibaSppill Galsdll (s Cuy
(1=4052) g3y Al ¢ iiig ) Cgyimal) ¢ ipad) cyisl) colel cdushay) ehuatall uws

(1-4) oo

cadly jsuall dland g8 (e Jginal il Aubaguil) Galsil)

dilhasguudl) Galsil) b
1
. WSt 3
Psiagsll | %izam | OB ogul) | %k | % gl |
g/lg il 3

KDa
51.126+0.249? | 96.6+0.36 | 0.014+0.008? 226.1 0.438+0.00 || 0.156+0.02 | 16.56+1.3* ‘1
30.477+0.206° | 97.0+0.20 || 0.0014+0.002° | 126.765 | 0.427+0.01 | 0.156+0.01 | 29.55+0.87° ‘1
=
11.04 NS. 0.0015 - NS. NS. 0.506 m
o




:Yield % Jualal) i 1-1-4

sl g s o deaalall s 8 P<0.05 (g5l die Ligine Cilig b il gl

adl Jagi Lee ol A g Jsil) e %(29.5540.87 516.56%1.3) sl 3 el
% 12.39 jsalal il j5 8 e Jgimall hsu il Cleal vy 2ie (Hassan, et.al. 2021)
& % 45.21 (Abirami, et.al. 2020) lde J—as Al & wil) o Jils ¢ % 7.93 oluglls
Oisdl) duals dows (& DAY G (gHms - Olug N s e g yaall sl Ciliaal 4uud
Oaelall I A0 alall dowig dleladdl g (pe prasill Cag yaiag ligindll jaleas cadial
2020; Alrman & (Yuan, etal. shall days gt WY1 8 dads sl saeld)
98 gginas Aylie (sl e jsreall el 588 gina (mliasl o) WS Alhariri, 2023)
(Maktoof, et.al. 2020; Begum, s—dall goball (oS5l 3 adaa¥) ) agay el

.et.al. 2021)
:Moisture 4ysh) 2-1-4

O Sandly prall Ao 958 (e Jgiaall Ohgitll skl (grinall o il ekl

il s sl e % (0.15620.01 5 0.15620.02) b i cpesill Jilaias lan smidie

sl 5328 o (gl jeaand tie Islam, etal. (2011) 585 Akl cladyl go ilie
nl) syun 83 sall Bl gl ly Josill Lo 2y ash)) (g o

(Walke, ofsimal ddladl sl 4alal e O aa s-dige sing shll (gginall palia) o

e il e (gint Aujlatll fisdll cilaiie of Li, etal. (1992) S sle U< et.al. 2014)

sk %10
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:Ash al 4 ) -3-1-4

Cialy el jgraall el 5588 e Jayaall Ghgiedll (A sl dews of ) @Sl s

By cmall e dlpall e sloll A uS3s s e %(0.42740.01 5 0.438+0.00)
e Aisnal) SUsSAl o sty olisiedll 85l e e aads clioall JalSH 3aY) 2es L
5 ol A5) Auae 36US ) ooyl A aiiial il 5y . liansilly s asikally aseadlS)
oo Jan Slly (2017 ccypals anSline) adl Jagi b e daiil 538 3y . e aadl
syl st (Rahman, et al., 2021) 5y %0.2 ixly sle duass il Gass 58 (e s
(Muatsari,etal.  Jdoas LS« % 0.45 sai e ) Glilie (o paldi vl Gl 3
(Alrman, etal. S35. % 0.96 cialy ale das il oppababad] )58 e hgind e 2022)
ol s e € b ol Al Blee 8 2035wl HCT piasls 38530 o 2023)
3 % 39.4220.18 (e alajll duaws paliasl () (63l %2 S Gaslall aladn il oy s i)

sl 20.26£0.059 N Tilapia clew s

\)L.q cdoinly Vo all Vsl A ol Al landan (e 330 Al (e duaddiall Al o

.(Rahman et al., 2021) 8l 45058l duailady Jlall a3lal
:Molecular weight Aisall o550 4-1-4

ol il s A isa—alile Asles o alae Yl ohsiall el sl Gl
.(Hemmami, et.al. 2024) dyall dag3ll

226.1 KDa &l jseall claus i 1 sl il Jana of (174) Jsaadl e Jaadls

Sy 126765 KDa gl silly el sle o il sl dane go dilie el st
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ol ale I s ¢ g all lae il Cabisy Asall el o) Younes, etal. (2014)

(Chenit, et.al. KDa 200050 ¢z o<l 1 LD.L\M seanal) hgudll el o)l

.2001)

sl @ hsdl e e dhall 38 el Ghsud oli (Minh, et.al. 2020) oS3 L s
Jie Al sl iy cmnt wee - ant] Gaulic aleay Lae (150 KDa e Jil) midaiall i3l
Oaa Ciieay sueall olygind Gl Jiladls (Yuan, et.al. 2020) anticancer gl yeell cilabias
ie Jondl 485100 (ailiad daies Lae (150-700) KDa el oyl Jasic ofisindll glsil
(Matica, )lel (SilSe cld ) zbas Al cliadall 8 alads wDU Gulie sa cdsbially 34l

.et.al., 2019
:Protein content (,Jg,dl ggiaa —5-1-4

@b OIS el Hsecall Wlaad 5588 e Jgjaadl Ghsdl) o) (174) Jsanl (e aadls
e U el g 0.1420.008 e aal) (s & ity 3 (g ) (ye in miiia (ssinn
Allwin,etal. 4l dag L go 305 dasill sing 0.0014%0.002 el s d oo iislia
10.96 (gl s ks Cun Gan¥) Glugsl) (e Jgyaall Gligadl) alsal andy 2ie (2015)
Sl -l e il AT e S e 05 olisiatll B (i) A alissl o
ol Gleel el gy e cig ) Al dolee 5.US Al e Rasweefali, et.al.(2022)
2M 3585 o' M (2.0-0.25) NaOH sae &l (e ddlide 5815 ehs:m@ Solenocera hextii

%98 e ST caaly A duing Juad) K NaOH
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:Solubility 43 6-1-4

28 (e Jgjaall Ol Al Lgd AL 8 dagiee Clig b (174 Jsas) il ek o
o2 ilS ale J<aug ¢ Jgill e (97.040.20 596.6+0.36) sk 3 aally jorcall dllad
(Nessa,et.al. 2010; Alwin, et.al. 2015; Abed-Al- 4l il 05 (e duj8 daiul)

.Kareem, et.al. 2017; Anggraeni, et.al. 2024)

Job e daaiall dow o) mslase aigis A g3 dapn o s dll glsd da aad
Ayl aldiwdl hgndll o) (Cheng, et.al. 2020) 245 (Anggraenti, et.al. 2024) alwlu)
S aleall & Galitiwd) ofsidd) o ijs ST sS Adlall Al 35 dayn <l gy Saal)

ALY g5 Ay Ji1s Adle sha @lagy Lo
:Viscosity a—as3lll 7-1-4

iadly pgrall Al )58 (e Jasaall Ohsidll Ay o o) (1-4) g2l e sl

Aagil al e 8 all sde oady ¢ gl e cPa (30.47740.20 551.12620.24) il
s (Walke, et.al. 2014) cPa (228+2.9) by Cus Hlug il Hed8 (e Jgiaadl Glygn Sl
D38 e Jgdaall sl dag )l e Jals Kareem, et.al. 2017) (Abed-Al- cPa (74.11)

-(Mulatsari, et.al. 2022) cPa (68.19) (ysalalul

sl dag )l ae Alie jseall o e Jyyaall gl dagHll (grina) ¢ Uny¥) o)
A g3 sy paliaily KDa (226.1) ) Jsadl sl I ghen el dlaws (0 el
e %(86.19) s KDa (126.765) el class (fisin s ae d3lke jssall ofysieal %(85)

cosl) paliasl o us lsudl) dag)l e oS 586 il cpslly A g daal of 3 il
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(Nessa,et.al. 2010; ohsu—all dag)l paleash M o dbh Yl ey dapn gl Sl

.Aichayawanich & Saengprapaitp, 2019)
:Water and Fat binding capacity caally slall Jay; 4,16 8-1-4
:WBC sl L.AJ ilE 1-8-1-4

sl Ly o el pgreall dland )58 (e Jgyaall Ohgiadl) 200G (1-4) J<E0 C

Nessa, ) lle Joas Al adll ae 30 dagill sday Mgl Ao % (360.9-350.8) cualy Cus
less Aatill 038 Cursil LS % 345.6 syl s e Jssadl hysiedll cals 3 (et.al. 2010
Ge Joaa) gl pailadl diuly vie (Kumari, et.al. 2016) lole duas Al 2l (0 L
ade 1 an Lee J8 Aaguill o0 cwil€ Wiw L% 492 caaly Gua Labeo rohit Gl ol jydd
Fernando-Kim, ) jLdls .olugyll js8 olisa a1 % 669 il 3 (Walke, et.al. 2014)
i Rl ciha) Crawfis dlacd 8 e Jsjad) hisinall L) Ly, 26 o ) (2004

Y 941.5-274.2 Caglp Eua hsudll padlaial dalye
:FBC cp bay, Blls 2-8-1-4
(= USa) sl e % (3373 5 463.98) il Cus ygaeal) dhac (i AL

o5 )3 0 pe Al el Aresiys ol Layy e Baem 538 cpegil) DS alil ol < s
sl Gus Labeo rohit e w js &8 hsn & 446 4l vie (Kumari, et.al. 2016) g

kel 2 e (Fernando-Kim, 2004) d—as Liy .%246 olugll jsd8 Gysu &y %226
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e Al Uiy Gadlaial Cigps Gty Galiidly Crawfish claw ofisied L6 caly Eua

% 505.4 sl <) by

oA Aayylag ofygdll jiame Cdal calian paally eld) Loy e sidd) LG o
elaal I el e ialdl yady o edal (e sl (edanul dabe cuip e @l
ALE o S 580 il 55 gl Aiages daal o LS nall (jlly disad) £33 35

.(Helen, L. & Lauzon, R. 2015 ; Panith, et.al. 2016) caally Wl Ly Ao )ygundll

7 W el g, L0
oAy b, A3

%

P ECTENE e ssmall &3k VIR

(4_1) gea

cadlly slall bay o Fadly gual) dland 988 (e Jgiral ol sinill ALG




tolisidll XRD dsipad) 4238 3908 bladl 9-1-4

2 iendly jsaal) dlland 98 e Jgjaall sl Ll s dgn Jalail (uld 2

s Tagen el stall dlas 4588 o dysadl ol ol (2-4) S el slal) Ao
g LS L € 20 = 32.5° aie oy Aol ae 64.42° L1 26.35° (3o cingls 20 shlie
&V 9.28° (e Cnsli 20 Ghlic die (B) e} dlavs 558 (e g jaall ofsinill Ayl 2oy
us Kumari & Rath (2014) ae 35 daiidl sdag 20 = 32.45° xie oy el ae 64.59°
e Cinglii 20 2ie Labeo rohit dllewd 5588 cre Jojeall ofysinill 5sliia Ghalia ued (ad s
258 (e Jaaall (s dll 5335 acd 335 o) Kumari, et.al. (2015) 5Ll ¢80° 1 10°
258 (e Jgmall O dl) e el o (Kol g al e deiar (I e e
5als mSlae, 2017 ; Hemmamiet.al. 2024 )oisla o ek sale 530 (s

. (Islam, et.al. 2011;
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= 100+ 19

2 600

I

£ 500

= l

O 400 - L

e 300 ‘ | 4749

2 | 6 44 53

@ 200 (‘ 44 ‘

S o004 LVZW% 4\0 M’h}ww] 77

£ ‘ b IR

0 1WMM W/ W'Wﬂ \*WMWJ% i mewl
20 30 40 50 60 70 80
20 (Degrees)
FWHM
Pos. Height d-spacing | Rel. Int.
Left Tip Width
[°2Th.] [cts] 2Th] [?] [%]
26.3559 183.14 0.3936 3.38166 42.96 0.4723
32.5531 426.33 0.9446 2.75065 100.00 1.1336
40.1823 75.34 0.6298 2.24426 17.67 0.7557
47.1285 72.94 0.6298 1.92842 17.11 0.7557
49.9436 93.31 0.4723 1.82612 21.89 0.5668
53.6523 63.66 0.3149 1.70831 14.93 0.3779
64.4250 45.10 1.5744 1.44625 10.58 1.8893
(4_2a) J<&

sl dland Jgdd e Jgiral) o siadl Auud) Al dga
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Intensity (Counts/sec.)

900
800 S
700
600
500
400

| ‘
300 leL kf “'1_ % \ M‘
200 -NWW}/ " M% [ \N i
o0 i mﬂ)w \' WWMWMMWWWWMW
20 30 40 50 70 80
20 (Degrees)
FWHM
Pos. Height d-spacing | Rel. Int. -
Left Tip Width
[°2Th.] [cts] [?7] [%]

[°2Th.]

9.2800 34.26 2.5190 9.53012 7.12 3.0228
26.4775 169.79 0.3149 3.36640 35.30 0.3779
32.4993 481.05 0.7872 2.75509 100.00 0.9446
40.2771 94.63 1.2595 2.23920 19.67 1.5114
47.3205 112.57 0.5510 1.92104 23.40 0.6612
48.7172 40.90 0.4723 1.86918 8.50 0.5668
50.0457 116.90 0.4723 1.82263 24.30 0.5668
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¢« 17.00£2.646 « 15.33£0.577 « 18.0£2.0 « 19.67+ 0.577) el 3805l =3l
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Descriptive Statistics

Dependent Variable: Antibacterial Activity

A Bacteria Chitosan Conc Mean Std. Deviation
ail b1 ci 19.67 577 3
c2 18.00 2.000 3
c3 15.33 577 3
c4 17.00 2.646 3
c5 13.67 1.528 3
c6 .00 .000 3
Total 13.94 6.830 18
b2 c1 17.67 2.082 3
c2 16.33 1.155 3
c3 .00 .000 3
c4 .00 .000 3
c5 .00 .000 3
c6 .00 .000 3
Total 5.67 8.296 18
Total cl 18.67 1.751 6
c2 17.17 1.722 6
c3 7.67 8.406 6
c4 8.50 9.460 6
c5 6.83 7.548 6
c6 .00 .000 6
Total 9.81 8.585 36
a2 b1 cl 19.33 577 3
c2 18.33 2.082 3
c3 16.67 1.528 3
c4 15.33 577 3
c5 15.00 1.000 3
c6 14.33 2.082 3
Total 16.50 2.229 18
b2 c1 .00 .000 3
c2 .00 .000 3
c3 .00 .000 3
c4 .00 .000 3
c5 .00 .000 3
c6 .00 .000 3
Total .00 .000 18
Total cl 9.67 10.596 6
c2 9.17 10.128 6




68 8.33 9.180 6

c4 7.67 8.406 6

c5 7.50 8.240 6

c6 717 7.960 6

Total 8.25 8.510 36

a3 b1 cl 19.67 577 3
c2 18.00 3.464 3

G 16.00 1.000 3

c4 15.33 577 3

c5 13.33 3.055 3

c6 12.67 2.517 3

Total 15.83 3.130 18

b2 c1 15.67 577 3
c2 15.33 577 3

68 15.00 1.732 3

c4 14.00 1.732 3

c5 14.00 .000 3

c6 11.67 2.887 3

Total 14.28 1.904 18

Total ci 17.67 2.251 6
c2 16.67 2.658 6

G8 15.50 1.378 6

c4 14.67 1.366 6

c5 13.67 1.966 6

c6 12.17 2.483 6

Total 15.06 2.672 36

Total b1 c1 19.56 .527 9
c2 18.11 2.261 9

G8 16.00 1.118 9

c4 15.89 1.616 9

c5 14.00 1.936 9

c6 9.00 6.982 9

Total 15.43 4.571 54

b2 cl 11.11 8.448 9
c2 10.56 7.955 9

G 5.00 7.550 9

c4 4.67 7.053 9

c5 4.67 7.000 9

c6 3.89 6.009 9

Total 6.65 7.638 54

Total cl 15.33 7.252 18
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c2 14.33 6.877 18
c3 10.50 7.710 18
c4 10.28 7.614 18
c5 9.33 6.920 18
c6 6.44 6.845 18
Total 11.04 7.661 108

Tests of Between-Subjects Effects
Dependent Variable: Antibacterial Activity
Type Il Sum of

Source Squares df Mean Square F Sig.

Corrected Model 6126.5192 35 175.043 82.194 .000

Intercept 13156.148 1 13156.148  6177.670 .000

A 915.574 2 457.787 214.961 .000

Bacteria 2080.333 1 2080.333 976.852 .000

ChitosanConc 975.296 5 195.059 91.593 .000

A * Bacteria 1008.389 2 504.194 236.752 .000

A * ChitosanConc 638.315 10 63.831 29.973 .000

Bacteria * ChitosanConc 118.222 5 23.644 11.103 .000

A * Bacteria * ChitosanConc 390.389 10 39.039 18.331 .000

Error 153.333 72 2.130

Total 19436.000 108

Corrected Total 6279.852 107

a. R Squared = .976 (Adjusted R Squared = .964)

Estimated Marginal Means




Estimates
Dependent Variable: Antibacterial Activity

95% Confidence Interval

A Mean Std. Error Lower Bound Upper Bound

al 9.806 .243 9.321 10.290
a2 8.250 .243 7.765 8.735
a3 15.056 .243 14.571 15.540

Pairwise Comparisons
Dependent Variable: Antibacterial Activity
95% Confidence Interval for

Mean Difference Difference®
(A (J) A (I-J) Std. Error Sig.p Lower Bound Upper Bound
al a2 1.556" .344 .000 .870 2.241
a3 -5.250" .344 .000 -5.936 -4.564
a2 al -1.556" .344 .000 -2.241 -.870
a3 -6.806 .344 .000 -7.491 -6.120
a3 al 5.250° .344 .000 4.564 5.936
a2 6.806" .344 .000 6.120 7.491

Based on estimated marginal means
*. The mean difference is significant at the .05 level.

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).

Univariate Tests
Dependent Variable: Antibacterial Activity

Sum of Squares df Mean Square F Sig.
Contrast 915.574 2 457.787 214.961 .000
Error 153.333 72 2.130

The F tests the effect of A. This test is based on the linearly independent pairwise

comparisons among the estimated marginal means.




2. Bacteria

Estimates
Dependent Variable: Antibacterial Activity

95% Confidence Interval

Bacteria Mean Std. Error Lower Bound Upper Bound
b1 15.426 .199 15.030 15.822
b2 6.648 .199 6.252 7.044

Pairwise Comparisons
Dependent Variable: Antibacterial Activity

95% Confidence Interval for

Mean Difference DifferenceP®
(I) Bacteria  (J) Bacteria (I-J) Std. Error Sig.” Lower Bound Upper Bound
b1 b2 8.778" .281 .000 8.218 9.338
b2 b1 -8.778 .281 .000 -9.338 -8.218

Based on estimated marginal means
*. The mean difference is significant at the .05 level.

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).

Univariate Tests
Dependent Variable: Antibacterial Activity

Sum of Squares df Mean Square F Sig.
Contrast 2080.333 1 2080.333 976.852 .000
Error 153.333 72 2.130

The F tests the effect of Bacteria. This test is based on the linearly independent

pairwise comparisons among the estimated marginal means.




3. Chitosan Conc

Estimates
Dependent Variable: Antibacterial Activity

95% Confidence Interval

Chitosan Conc Mean Std. Error Lower Bound Upper Bound

ci 15.333 .344 14.648 16.019
c2 14.333 .344 13.648 15.019
g8 10.500 .344 9.814 11.186
c4 10.278 .344 9.592 10.963
c5 9.333 .344 8.648 10.019
c6 6.444 .344 5.759 7.130

Pairwise Comparisons
Dependent Variable: Antibacterial Activity
95% Confidence Interval

for Difference®

Mean Upper
(I) Chitosan Conc  (J) Chitosan Conc  Difference (I-J) Std. Error Sig.” Lower Bound  Bound
cl c2 1.000° 486 .043 .030 1.970
c3 4.833 486 .000 3.864 5.803
c4 5.056" 486 .000 4.086  6.025
c5 6.000° 486 .000 5.030 6.970
c6 8.889 486 .000 7.919  9.859
c2 cl -1.000° 486 .043 -1.970 -.030
c3 3.833" 486 .000 2.864  4.803
c4 4.056" 486 .000 3.086  5.025
c5 5.000 486 .000 4.030 5.970
cb 7.889" 486 .000 6.919  8.859
c3 cl -4.833 486 .000 -5.803  -3.864
c2 -3.833 486 .000 -4.803 -2.864
c4 222 486 .649 - 747 1.192
c5 1.167 486 .019 197 2136
cb 4.056" 486 .000 3.086  5.025
c4 c1 -5.056" 486 .000 -6.025 -4.086
c2 -4.056" 486 .000 -5.025 -3.086
c3 -.222 486 .649 -1.192 747
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c5 .944
c6 3.833
c5 cl -6.000
c2 -5.000"
c3 -1.167"
c4 -.944
c6 2.889
c6 cl -8.889°
c2 -7.889°
c3 -4.056"
c4 -3.833"
c5 -2.889"

486
486
486
.486
.486
.486
486
486
486
.486
.486
.486

.056
.000
.000
.000
.019
.056
.000
.000
.000
.000
.000
.000

e —
-.025 1.914
2.864 4.803
-6.970 -5.030
-5.970 -4.030
-2.136 -.197
-1.914 .025

1.919 3.859
-9.859 -7.919
-8.859 -6.919
-5.025 -3.086
-4.803 -2.864
-3.859 -1.919

Based on estimated marginal means

*. The mean difference is significant at the .05 level.

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).

Univariate Tests
Dependent Variable: Antibacterial Activity

Sum of Squares df Mean Square F Sig.
Contrast 975.296 5 195.059 91.593 .000
Error 153.333 72 2.130

The F tests the effect of Chitosan Conc. This test is based on the linearly independent

pairwise comparisons among the estimated marginal means.
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4. A * Bacteria

Estimates

Dependent Variable: Antibacterial Activity

95% Confidence Interval

A Bacteria Mean Std. Error Lower Bound Upper Bound
al b1 13.944 .344 13.259 14.630
b2 5.667 .344 4.981 6.352
a2 b1 16.500 .344 15.814 17.186
b2 7.161E-15 .344 -.686 .686
a3 b1 15.833 .344 15.148 16.519
b2 14.278 .344 13.592 14.963

Pairwise Comparisons

Dependent Variable: Antibacterial Activity

Mean Difference

95% Confidence Interval

for Difference®

A (I) Bacteria  (J) Bacteria (I-J) Std. Error Sig.° Lower Bound

al b1 b2 8.278 486 .000 7.308
b2 b1 -8.278" 486 .000 -9.247

a2 b1 b2 16.500" 486 .000 15.530
b2 b1 -16.500" 486 .000 -17.470

a3 b1 b2 1.556" 486 .002 .586
b2 b1 -1.556" 486 .002 -2.525

Pairwise Comparisons

Dependent Variable: Antibacterial Activity

95% Confidence Interval for

Difference
A (I) Bacteria (J) Bacteria Upper Bound
ail b1 b2 9.247
b2 b1 -7.308
a2 b1 b2 17.470
b2 b1 -15.530
a3 b1 b2 2.525
b2 b1 -.586

Based on estimated marginal means

*. The mean difference is significant at the .05 level.

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).
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Univariate Tests
Dependent Variable: Antibacterial Activity

A Sum of Squares df Mean Square F Sig.

ail Contrast 616.694 1 616.694 289.578 .000
Error 153.333 72 2.130

a2 Contrast 2450.250 1 2450.250 1150.552 .000
Error 153.333 72 2.130

a3 Contrast 21.778 1 21.778 10.226 .002
Error 153.333 72 2.130

Each F tests the simple effects of Bacteria within each level combination of the other effects
shown. These tests are based on the linearly independent pairwise comparisons among the

estimated marginal means.

5. A * Chitosan Conc

Estimates
Dependent Variable: Antibacterial Activity
95% Confidence Interval

A Chitosan Conc Mean Std. Error Lower Bound Upper Bound

al c1 18.667 .596 17.479 19.854
c2 17.167 .596 15.979 18.354
c3 7.667 .596 6.479 8.854
c4 8.500 .596 7.312 9.688
c5 6.833 .596 5.646 8.021
c6 -5.329E-15 .596 -1.188 1.188

a2 c1 9.667 .596 8.479 10.854
c2 9.167 .596 7.979 10.354
c3 8.333 .596 7.146 9.521
c4 7.667 .596 6.479 8.854
c5 7.500 .596 6.312 8.688
c6 7.167 .596 5.979 8.354

a3 c1 17.667 .596 16.479 18.854
c2 16.667 .596 15.479 17.854
c3 15.500 .596 14.312 16.688
c4 14.667 .596 13.479 15.854
c5 13.667 .596 12.479 14.854
cb 12.167 .596 10.979 13.354
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Dependent Variable: Antibacterial Activity

Pairwise Comparisons

95% Confidence Interval

for Difference®

Mean Upper

A (I) Chitosan Conc (J) Chitosan Conc Difference (I-J) Std. Error Sig.p Lower Bound = Bound
al c1 c2 1.500 .843 .079 -.180 3.180
3 11.000° .843 .000 9.320 12.680
c4 10.167 .843 .000 8.487 11.846
68 11.833" .843 .000 10.154  13.513
c6 18.667" .843 .000 16.987  20.346
c2 cl -1.500 .843 .079 -3.180 .180
€3 9.500" .843 .000 7.820 11.180
c4 8.667 .843 .000 6.987 10.346
68 10.333 .843 .000 8.654 12.013
c6 17.167" .843 .000 15.487 18.846
c3 cl -11.000 .843 .000 -12.680  -9.320
c2 -9.500 .843 .000 -11.180  -7.820
c4 -.833 .843 .326 -2.513 .846
68 .833 .843 .326 -.846 2.513
c6 7.667 .843 .000 5.987 9.346
c4 ci -10.167" .843 .000 -11.846  -8.487
c2 -8.667" .843 .000 -10.346  -6.987
c8 .833 .843 .326 -.846 2.513
68 1.667 .843 .052 -.013 3.346
c6 8.500 .843 .000 6.820 10.180
c5 cl -11.833 .843 .000 -13.513 -10.154
c2 -10.333’ .843 .000 -12.013  -8.654
c8 -.833 .843 .326 -2.513 .846
c4 -1.667 .843 .052 -3.346 .013
c6 6.833" .843 .000 5.154 8.513
c6 cl -18.667" .843 .000 -20.346  -16.987
c2 -17.167 .843 .000 -18.846 -15.487
&3 -7.667 .843 .000 -9.346  -5.987
c4 -8.500 .843 .000 -10.180  -6.820
G5 -6.833’ .843 .000 -8.513  -5.154
a2 c1 c2 .500 .843 .555 -1.180 2.180
&3 1.333 .843 118 -.346 3.013
c4 2.000° .843 .020 .320 3.680
68 2.167 .843 .012 487 3.846
c6 2.500° .843 .004 .820 4.180
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a3

c2

c3

c4

c5

cb

c1

c2

c3

c4

cl
CS
c4
GO
c6
cl
c2
c4
G5
c6
ci
c2
CS
G5
c6
ci
c2
c8
c4
c6
cl
c2
C8)
c4
CH
c2
G
c4
ES
c6
cl
GS
c4
CS
c6
cl
c2
c4
(039)
c6

c1

.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843
.843

e m—

-2.180 1.180
-.846 2.513
-.180 3.180
-.013 3.346

.320 3.680
-3.013 .346
-2.513 .846
-1.013 2.346
-.846 2.513
-.513 2.846
-3.680 -.320
-3.180 .180
-2.346 1.013
-1.513 1.846
-1.180 2.180
-3.846 -.487
-3.346 .013
-2.513 .846
-1.846 1.513
-1.346 2.013
-4.180 -.820
-3.680 -.320
-2.846 513
-2.180 1.180
-2.013 1.346
-.680 2.680

487 3.846
1.320 4.680
2.320 5.680
3.820 7.180
-2.680 .680
-.513 2.846

.320 3.680
1.320 4.680
2.820 6.180
-3.846 -.487
-2.846 513
-.846 2.513

154 3.513
1.654 5.013
-4.680 -1.320
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c2 -2.000° 843 020 3680  -320
c3 -833 843 326 2513 846
c5 1.000 843 239 680  2.680
c6 2.500° 843 004 820 4.180
c5 c1 -4.000° 843 000 5680  -2.320
c2 -3.000° 843 001 4680  -1.320
c3 -1.833° 843 033 3513 -154
c4 -1.000 843 239 2680  .680
c6 1.500 843 079 180 3.180
c6 c1 -5.500" 843 000 7180  -3.820
c2 -4.500" 843 000 6180  -2.820
c3 -3.333" 843 000 5013 -1.654
c4 -2.500° 843 004 4180  -820
c5 1,500 843 079 3180 180

Based on estimated marginal means

*. The mean difference is significant at the .05 level.

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).

Dependent Variable: Antibacterial Activity

Univariate Tests

A Sum of Squares df Mean Square F Sig.

al Contrast 1463.806 5 292.761 137.470 .000
Error 153.333 72 2.130

a2 Contrast 29.583 5 5.917 2.778 .024
Error 153.333 72 2.130

a3 Contrast 120.222 5 24.044 11.290 .000
Error 153.333 72 2.130

Each F tests the simple effects of Chitosan Conc within each level combination of the other

effects shown. These tests are based on the linearly independent pairwise comparisons among

the estimated marginal means.




6. Bacteria * Chitosan Conc

Estimates
Dependent Variable: Antibacterial Activity
95% Confidence Interval

Bacteria Chitosan Conc Mean Std. Error Lower Bound Upper Bound

b1 cl 19.556 486 18.586 20.525
c2 18.111 .486 17.141 19.081
GE 16.000 486 15.030 16.970
c4 15.889 486 14.919 16.859
68 14.000 486 13.030 14.970
c6 9.000 486 8.030 9.970

b2 ci 11.111 .486 10.141 12.081
c2 10.556 486 9.586 11.525
€3 5.000 486 4.030 5.970
c4 4.667 486 3.697 5.636
68 4.667 486 3.697 5.636
c6 3.889 486 2.919 4.859

Pairwise Comparisons
Dependent Variable: Antibacterial Activity
95% Confidence

Interval for
Mean Difference Difference®
Chitosan Conc (I) Bacteria (J) Bacteria (I-J) Std. Error Sig.° Lower Bound

c1 b1 b2 8.444 .688 .000 7.073
b2 b1 -8.444° .688 .000 -9.816
c2 b1 b2 7.556" .688 .000 6.184
b2 b1 -7.556 .688 .000 -8.927
€8 b1 b2 11.000° .688 .000 9.629
b2 b1 -11.000° .688 .000 -12.371
c4 b1 b2 11.222 .688 .000 9.851
b2 b1 -11.222" .688 .000 -12.594
c5 b1 b2 9.333’ .688 .000 7.962
b2 b1 -9.333" .688 .000 -10.705
c6 b1 b2 5.111 .688 .000 3.740
b2 b1 -5.111 .688 .000 -6.482

Pairwise Comparisons
Dependent Variable: Antibacterial Activity
95% Confidence Interval for

Chitosan Conc (I) Bacteria (J) Bacteria Difference
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Upper Bound
c1 b1 b2 9.816
b2 b1 -7.073
c2 b1 b2 8.927
b2 b1 -6.184
68 b1 b2 12.371
b2 b1 -9.629
c4 b1 b2 12.594
b2 b1 -9.851
c5 b1 b2 10.705
b2 b1 -7.962
c6 b1 b2 6.482
b2 b1 -3.740

Based on estimated marginal means

*. The mean difference is significant at the .05 level.

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).

Dependent Variable: Antibacterial Activity

Univariate Tests

Chitosan Conc Sum of Squares Mean Square F Sig.

c1 Contrast 320.889 1 320.889 150.678 .000
Error 153.333 72 2.130

c2 Contrast 256.889 1 256.889 120.626 .000
Error 153.333 72 2.130

c3 Contrast 544.500 1 544.500 255.678 .000
Error 153.333 72 2.130

c4 Contrast 566.722 1 566.722 266.113 .000
Error 153.333 72 2.130

c5 Contrast 392.000 1 392.000 184.070 .000
Error 153.333 72 2.130

c6 Contrast 117.556 1 117.556 55.200 .000
Error 153.333 72 2.130

Each F tests the simple effects of Bacteria within each level combination of the other effects

shown. These tests are based on the linearly independent pairwise comparisons among the

estimated marginal means.




7. A * Bacteria * Chitosan Conc

Estimates
Dependent Variable: Antibacterial Activity
95% Confidence Interval
A Bacteria Chitosan Conc Mean Std. Error Lower Bound Upper Bound
al b1 cl 19.667 .843 17.987 21.346
c2 18.000 .843 16.320 19.680
68 15.333 .843 13.654 17.013
c4 17.000 .843 15.320 18.680
68 13.667 .843 11.987 15.346
c6 7.105E-15 .843 -1.680 1.680
b2 c1 17.667 .843 15.987 19.346
c2 16.333 .843 14.654 18.013
G8) 1.776E-15 .843 -1.680 1.680
c4 1.776E-15 .843 -1.680 1.680
68 1.776E-15 .843 -1.680 1.680
c6 -1.776E-14 .843 -1.680 1.680
a2 b1 cl 19.333 .843 17.654 21.013
c2 18.333 .843 16.654 20.013
68 16.667 .843 14.987 18.346
c4 15.333 .843 13.654 17.013
68 15.000 .843 13.320 16.680
c6 14.333 .843 12.654 16.013
b2 ci 4.885E-15 .843 -1.680 1.680
c2 6.217E-15 .843 -1.680 1.680
G8) 7.105E-15 .843 -1.680 1.680
c4 5.773E-15 .843 -1.680 1.680
68 5.329E-15 .843 -1.680 1.680
c6 1.776E-15 .843 -1.680 1.680
a3 b1 cl 19.667 .843 17.987 21.346
c2 18.000 .843 16.320 19.680
&3 16.000 .843 14.320 17.680
c4 15.333 .843 13.654 17.013
&5 13.333 .843 11.654 15.013
c6 12.667 .843 10.987 14.346
b2 cl 15.667 .843 13.987 17.346
c2 15.333 .843 13.654 17.013
&3 15.000 .843 13.320 16.680
c4 14.000 .843 12.320 15.680
68 14.000 .843 12.320 15.680
cb 11.667 .843 9.987 13.346
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Dependent Variable: Antibacterial Activity

Pairwise Comparisons

Mean

Difference (I-

95% Confidence Interval for

Difference®

A Chitosan Conc (l) Bacteria (J) Bacteria J) Std. Error  Sig.®  Lower Bound Upper Bound
al cl b1 b2 2.000 192 .098 -.375 4.375
b2 b1 -2.000 192 .098 -4.375 .375

c2 b1 b2 1.667 192 .166 -.709 4.042

b2 b1 -1.667 192 .166 -4.042 .709

c3 b1 b2 15.333 192 .000 12.958 17.709

b2 b1 -15.333 192 .000 -17.709 -12.958

c4 b1 b2 17.000° 192 .000 14.625 19.375

b2 b1 -17.000° 192 .000 -19.375 -14.625

c5 b1 b2 13.667" 192 .000 11.291 16.042

b2 b1 -13.667" 192 .000 -16.042 -11.291

c6 b1 b2 2.420E-14 192 1.000 -2.375 2.375

b2 b1 -2.420E-14 192 1.000 -2.375 2.375

a2 c1 b1 b2 19.333 192 .000 16.958 21.709
b2 b1 -19.333" 192 .000 -21.709 -16.958

c2 b1 b2 18.333 192 .000 15.958 20.709

b2 b1 -18.333 192 .000 -20.709 -15.958

c3 b1 b2 16.667" 192 .000 14.291 19.042

b2 b1 -16.667" 192 .000 -19.042 -14.291

c4 b1 b2 15.333 192 .000 12.958 17.709

b2 b1 -15.333 192 .000 -17.709 -12.958

c5 b1 b2 15.000° 192 .000 12.625 17.375

b2 b1 -15.000° 192 .000 -17.375 -12.625

c6 b1 b2 14.333 192 .000 11.958 16.709

b2 b1 -14.333 192 .000 -16.709 -11.958

a3 c1 b1 b2 4.000" 192 .001 1.625 6.375
b2 b1 -4.000 192 .001 -6.375 -1.625

c2 b1 b2 2.667" 192 .028 291 5.042

b2 b1 -2.667" 192 .028 -5.042 -.291

c3 b1 b2 1.000 192 404 -1.375 3.375

b2 b1 -1.000 192 404 -3.375 1.375

c4 b1 b2 1.333 192 .267 -1.042 3.709

b2 b1 -1.333 192 .267 -3.709 1.042

c5 b1 b2 -.667 192 578 -3.042 1.709

b2 b1 .667 192 578 -1.709 3.042

c6 b1 b2 1.000 192 404 -1.375 3.375
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b2 b1 -1.000 1.192 404 -3.375 1.375

Based on estimated marginal means

*. The mean difference is significant at the .05 level.

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).

Univariate Tests

Dependent Variable: Antibacterial Activity

A Chitosan Conc Sum of Squares df Mean Square F Sig.
al cl Contrast 6.000 1 6.000 2.817 .098
Error 153.333 72 2.130
c2 Contrast 4.167 1 4.167 1.957 .166
Error 153.333 72 2.130
68 Contrast 352.667 1 352.667 165.600 .000
Error 153.333 72 2.130
c4 Contrast 433.500 1 433.500 203.557 .000
Error 153.333 72 2.130
G5 Contrast 280.167 1 280.167 131.557 .000
Error 153.333 72 2.130
c6 Contrast 8.787E-28 1 8.787E-28 .000 1.000
Error 153.333 72 2.130
a2 cl Contrast 560.667 1 560.667 263.270 .000
Error 153.333 72 2.130
c2 Contrast 504.167 1 504.167 236.739 .000
Error 153.333 72 2.130
c8 Contrast 416.667 1 416.667 195.652 .000
Error 153.333 72 2.130
c4 Contrast 352.667 1 352.667 165.600 .000
Error 153.333 72 2.130
68 Contrast 337.500 1 337.500 158.478 .000
Error 153.333 72 2.130
c6 Contrast 308.167 1 308.167 144.704 .000
Error 153.333 72 2.130
a3 cl Contrast 24.000 1 24.000 11.270 .001
Error 153.333 72 2.130
c2 Contrast 10.667 1 10.667 5.009 .028
Error 153.333 72 2.130
&3 Contrast 1.500 1 1.500 .704 404
Error 153.333 72 2.130
c4 Contrast 2.667 1 2.667 1.252 .267




Error

G8) Contrast
Error

c6 Contrast
Error

153.333
.667
153.333
1.500
153.333

72 2.130

1 .667 313 .578
72 2.130

1 1.500 .704 404
72 2.130

Each F tests the simple effects of Bacteria within each level combination of the other effects shown. These

tests are based on the linearly independent pairwise comparisons among the estimated marginal means.

T-Test

Output Created
Comments

Input

Missing Value Handling

Syntax

Resources

Notes

Active Dataset

Filter

Weight

Split File

N of Rows in Working Data
File

Definition of Missing

Cases Used

Processor Time

Elapsed Time

30-JUN-2025 11:12:12

DataSet2
<none>
<none>

<none>

User defined missing values
are treated as missing.
Statistics for each analysis are
based on the cases with no
missing or out-of-range data
for any variable in the
analysis.

T-TEST GROUPS=A('a1''a2')
/IMISSING=ANALYSIS
/VARIABLES= Jualall

Ol sisa a5l 4 ga )l e
/ES DISPLAY(TRUE)
ICRITERIA=CI(.95).

00:00:00.00
00:00:00.00

[DataSet2]
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Group Statistics

A N Mean Std. Deviation Std. Error Mean
dualall al 3 16.5633 1.31089 .75684

a2 3 29.5500 87727 .50649
Lsb Ml gsae af 3 .1567 .02309 .01333

a2 3 .1567 .01155 .00667
LB al 3 511.267 2.4947 1.4403

a2 3 304.767 2.0648 1.1921
Gl ssise 3 .002267 .0008505 .0004910

a2 3 .001333 .0002517 .0001453

Independent Samples Test
t-test for Equality of Means
t df Sig. (2-tailed)
Jualall -14.260 4 .000
L sh )il (s sina .000 4 1.000
a5l 110.449 4 .000
sl s sine 1.823 4 142
GET DATA
/TYPE=XLSX

/FILE='C:\Users\QS\OneDrive\Documents\Dr AZIZ.xlsx'

/SHEET=name

EXECUTE.

Lo it
/CELLRANGE=FULL
/READNAME S=0ON
/DATATYPEMIN PERCENTAGE=95.0
/HIDDEN IGNORE=YES.

DATASET NAME DataSet3 WINDOW=FRONT.
ONEWAY osloydlogine gaddlayyddold s lodlhyyds ) yLs 4 50 4J1 BY A
/STATISTICS DESCRIPTIVES

/MISSING ANALYSIS

/CRITERIA=CILEVEL (0.95)
/POSTHOC=LSD ALPHA (0.05) .

Oneway




Notes
Output Created
Comments
Input Active Dataset
Filter
Weight
Split File

N of Rows in Working Data

File

Missing Value Handling Definition of Missing

Cases Used

Syntax

Resources Processor Time

Elapsed Time

30-JUN-2025 11:15:55

DataSet3
<none>
<none>

<none>

User-defined missing values
are treated as missing.
Statistics for each analysis are
based on cases with no
missing data for any variable
in the analysis.
ONEWAY  ¢lalllay ALlia 4,530
el siae pallay AL BY A
[STATISTICS
DESCRIPTIVES
/IMISSING ANALYSIS
/CRITERIA=CILEVEL(0.95)
/POSTHOC=LSD
ALPHA(0.05).
00:00:00.02
00:00:00.01

[DataSet3]
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Descriptives
N Mean Std. Deviation
Al al 3 97.533 2517
a2 3 96.600 .3606
a3 3 97.000 .2000
Total 9 97.044 4720
sldl by, 448 a1 3 225.0067 .78749
a2 3 203.2467 13.88173
a3 3 252.5533 32.01802
Total 9  226.9356 27.61435
oy, 4lE a1 3 220.3000 1.10000
a2 3 337.3000 3.26037
a3 3 463.9800 11.40339
Total 9  340.5267 105.71218
sla bl s sina at 3 3.70900 .016523
a2 3 43833 .000577
a3 3 42700 .001000
Total 9 1.52478 1.638195
ANOVA
Sum of Squares df Mean Square F Sig.
il Between Groups 1.316 2 .658 8.457 .018
Within Groups 467 6 .078
Total 1.782 8
elll ;48 Between Groups 3663.464 2 1831.732 4510 .064
Within Groups 2436.953 6 406.159
Total 6100.417 8
ol by, 48 Between Groups 89116.765 2 44558.382 942.189 .000
Within Groups 283.754 6 47.292
Total 89400.519 8
Ll (5 sina Between Groups 21.469 2 10.734 117387.738 .000
Within Groups .001 6 .000
Total 21.469 8
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Post Hoc Tests

LSD

Multiple Comparisons

Mean Difference

95% Confidence

Interval

Dependent Variable (A (J)A (I-J) Std. Error Sig. Lower Bound
Al al a2 .9333" 2277 .006 .376
a3 .5333 2277 .058 -.024
a2 ail -.9333" 2277 .006 -1.491
a3 -.4000 2277 129 -.957
a3 ail -.5333 2277 .058 -1.091
a2 4000 2277 129 -.157
el Loy, 4048 al a2 21.76000 16.45517 234 -18.5043
a3 -27.54667 16.45517 145 -67.8110
a2 al -21.76000 16.45517 234 -62.0243
a3 -49.30667" 16.45517 .024 -89.5710
a3 ail 27.54667 16.45517 145 -12.7177
a2 49.30667" 16.45517 .024 9.0423
opl Ly 4416 al a2 -117.00000" 5.61500 .000 -130.7394
a3 -243.68000° 5.61500 .000 -257.4194
a2 al 117.00000 5.61500 .000 103.2606
a3 -126.68000° 5.61500 .000 -140.4194
a3 ail 243.68000 5.61500 .000 229.9406
a2 126.68000 5.61500 .000 112.9406
slaJll s gina al a2 3.270667" .007808 .000 3.25156
a3 3.282000° .007808 .000 3.26289
a2 al -3.270667" .007808 .000 -3.28977
a3 .011333 .007808 197 -.00777
a3 ail -3.282000° .007808 .000 -3.30111
a2 -.011333 .007808 197 -.03044




Multiple Comparisons

LSD
95% Confidence Interval
Dependent Variable (A (J)A Upper Bound
Al al a2 1.491
a3 1.091
a2 al -.376
a3 157
a3 al .024
a2 .957
el Loy ) 4048 al a2 62.0243
a3 12.7177
a2 ail 18.5043
a3 -9.0423
a3 al 67.8110
a2 89.5710
oadl Ly ) 4L al a2 -103.2606
a3 -229.9406
a2 ail 130.7394
a3 -112.9406
a3 al 257.4194
a2 140.4194
slall (s gina al a2 3.28977
a3 3.30111
a2 ail -3.25156
a3 .03044
a3 ail -3.26289
a2 .00777

*. The mean difference is significant at the 0.05 level.

GET DATA
/TYPE=XLSX
/FILE="'C:\Users\QS\OneDrive\Documents\Dr AZIZ.xlsx'
/SHEET=name ' Liiall L3131
/CELLRANGE=FULL
/READNAME S=0ON
/DATATYPEMIN PERCENTAGE=95.0
/HIDDEN IGNORE=YES.

EXECUTE.

DATASET NAME DataSet4 WINDOW=FRONT.

DATASET ACTIVATE DataSet4.

UNIANOVA disnlldilljl BY A B
/METHOD=SSTYPE (3)
/INTERCEPT=INCLUDE
/EMMEANS=TABLES (A) COMPARE ADJ (LSD)
/EMMEANS=TABLES (B) COMPARE ADJ (LSD)




/EMMEANS=TABLES (A*B) COMPARE (B) ADJ(BONFERRONTI)
/CRITERIA=ALPHA (0.05)

/DESIGN=A B A*B.

Univariate Analysis of Variance

Output Created
Comments

Input

Missing Value Handling

Notes
30-JUN-2025 11:18:05
Active Dataset DataSet4
Filter <none>
Weight <none>
Split File <none>

N of Rows in Working Data
File
Definition of Missing

Cases Used

63

User-defined missing values are treated as missing.
Statistics are based on all cases with valid data for

all variables in the model.

Syntax UNIANOVA 4aalidll ) BY A B
/METHOD=SSTYPE(3)
/INTERCEPT=INCLUDE
/EMMEANS=TABLES(A) COMPARE ADJ(LSD)
/EMMEANS=TABLES(B) COMPARE ADJ(LSD)
/EMMEANS=TABLES(A*B) COMPARE (B)
ADJ(BONFERRONI)
/CRITERIA=ALPHA(0.05)
/DESIGN=A B A*B.
Resources Processor Time 00:00:00.03
Elapsed Time 00:00:00.02
[DataSet4]
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Between-Subjects Factors

N

A al
a2
a3

B b1
b2
b3
b4
b5
b6
b7

21
21
21

© © © © © © ©

Tests of Between-Subjects Effects

Dependent Variable: 4xu.all 41 )

Type Ill Sum of
Source Squares df Mean Square F Sig.
Corrected Model 393588.9842 20 19679.449 874.951 .000
Intercept 2981381.349 1 2981381.349 132552.594 .000
A 357529.175 2 178764.587 7947.896 .000
B 34582.095 6 5763.683 256.254 .000
A*B 1477.714 12 123.143 5.475 .000
Error 944.667 42 22.492
Total 3375915.000 63
Corrected Total 394533.651 62

a. R Squared = .998 (Adjusted R Squared = .996)




Estimated Marginal Means

1.A

Estimates
Dependent Variable: 4l 413)

95% Confidence Interval

A Mean Std. Error Lower Bound Upper Bound

al 324.000 1.035 321.911 326.089
a2 160.810 1.035 158.721 162.898
a3 167.810 1.035 165.721 169.898

Pairwise Comparisons
Dependent Variable: axsall 41)3)

95% Confidence Interval for

Mean Difference DifferenceP®
(HA J)A (I-J) Std. Error Sig.” Lower Bound Upper Bound
ail a2 163.190° 1.464 .000 160.237 166.144
a3 156.190° 1.464 .000 153.237 159.144
a2 al -163.190° 1.464 .000 -166.144 -160.237
a3 -7.000° 1.464 .000 -9.954 -4.046
a3 al -156.190 1.464 .000 -159.144 -153.237
a2 7.000" 1.464 .000 4.046 9.954

Based on estimated marginal means

*. The mean difference is significant at the 0.05 level.

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).
Univariate Tests

Dependent Variable: 4l 4 )

Sum of Squares df Mean Square F Sig.
Contrast 357529.175 2 178764.587 7947.896 .000
Error 944.667 42 22.492

The F tests the effect of A. This test is based on the linearly independent pairwise

comparisons among the estimated marginal means.
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2.B

Estimates
Dependent Variable: 4l 4 3)

95% Confidence Interval

B Mean Std. Error Lower Bound Upper Bound
b1 265.111 1.581 261.921 268.301
b2 233.778 1.581 230.587 236.968
b3 219.778 1.581 216.587 222.968
b4 210.778 1.581 207.587 213.968
b5 204.667 1.581 201.476 207.857
b6 197.667 1.581 194 .476 200.857
b7 191.000 1.581 187.810 194.190

Pairwise Comparisons

Dependent Variable: 4l 413

Mean Difference

95% Confidence Interval for

Difference®

(B (J)B (I-J) Std. Error Sig.p Lower Bound Upper Bound
b1 b2 31.333" 2.236 .000 26.822 35.845
b3 45.333" 2.236 .000 40.822 49.845
b4 54.333’ 2.236 .000 49.822 58.845
b5 60.444 2.236 .000 55.933 64.956
b6 67.444 2.236 .000 62.933 71.956
b7 74111 2.236 .000 69.599 78.623
b2 b1 -31.333’ 2.236 .000 -35.845 -26.822
b3 14.000 2.236 .000 9.488 18.512
b4 23.000° 2.236 .000 18.488 27.512
b5 29.111° 2.236 .000 24.599 33.623
b6 36.111° 2.236 .000 31.599 40.623
b7 42.778° 2.236 .000 38.266 47.290
b3 b1 -45.333’ 2.236 .000 -49.845 -40.822
b2 -14.000 2.236 .000 -18.512 -9.488
b4 9.000 2.236 .000 4.488 13.512
b5 15.111" 2.236 .000 10.599 19.623
b6 22111 2.236 .000 17.599 26.623
b7 28.778" 2.236 .000 24.266 33.290
b4 b1 -54.333’ 2.236 .000 -58.845 -49.822
b2 -23.000° 2.236 .000 -27.512 -18.488
b3 -9.000° 2.236 .000 -13.512 -4.488
b5 6.111" 2.236 .009 1.599 10.623
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b6 13.111° 2.236 .000
b7 19.778 2.236 .000
b5 b1 -60.444" 2.236 .000
b2 -29.111° 2.236 .000
b3 -15.111" 2.236 .000
b4 -6.111" 2.236 .009
b6 7.000° 2.236 .003
b7 13.667" 2.236 .000
b6 b1 -67.444° 2.236 .000
b2 -36.111" 2.236 .000
b3 -22.111° 2.236 .000
b4 -13.111" 2.236 .000
b5 -7.000 2.236 .003
b7 6.667" 2.236 .005
b7 b1 -74.111° 2.236 .000
b2 -42.778" 2.236 .000
b3 -28.778" 2.236 .000
b4 -19.778" 2.236 .000
b5 -13.667" 2.236 .000
b6 -6.667" 2.236 .005

8.599 17.623
15.266 24.290
-64.956 -55.933
-33.623 -24.599
-19.623 -10.599
-10.623 -1.599
2.488 11.512
9.155 18.178
-71.956 -62.933
-40.623 -31.599
-26.623 -17.599
-17.623 -8.599
-11.512 -2.488
2.155 11.178
-78.623 -69.599
-47.290 -38.266
-33.290 -24.266
-24.290 -15.266
-18.178 -9.155
-11.178 -2.155

Based on estimated marginal means

*. The mean difference is significant at the 0.05 level.

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).

Univariate Tests

Dependent Variable: 4xu.all 41 )

Sum of Squares df Mean Square F Sig.
Contrast 34582.095 6 5763.683 256.254 .000
Error 944.667 42 22.492

The F tests the effect of B. This test is based on the linearly independent pairwise

comparisons among the estimated marginal means.




Estimates
Dependent Variable: 4xuall 41 )
95% Confidence Interval

A B Mean Std. Error Lower Bound Upper Bound

al b1 363.667 2.738 358.141 369.192
b2 335.667 2.738 330.141 341.192
b3 327.000 2.738 321.474 332.526
b4 318.000 2.738 312.474 323.526
b5 315.000 2.738 309.474 320.526
b6 308.667 2.738 303.141 314.192
b7 300.000 2.738 294 .474 305.526

a2 b1 222.000 2.738 216.474 227.526
b2 177.333 2.738 171.808 182.859
b3 159.000 2.738 153.474 164.526
b4 148.000 2.738 142.474 153.526
b5 144.333 2.738 138.808 149.859
b6 140.333 2.738 134.808 145.859
b7 134.667 2.738 129.141 140.192

a3 b1 209.667 2.738 204.141 215.192
b2 188.333 2.738 182.808 193.859
b3 173.333 2.738 167.808 178.859
b4 166.333 2.738 160.808 171.859
b5 154.667 2.738 149.141 160.192
b6 144.000 2.738 138.474 149.526
b7 138.333 2.738 132.808 143.859

Pairwise Comparisons
Dependent Variable: 4xuall 411 3)

95% Confidence Interval for

Mean Difference Difference®
A (HhB (J)B (I-J) Std. Error Sig.° Lower Bound Upper Bound
ail b1 b2 28.000° 3.872 .000 15.477 40.523
b3 36.667 3.872 .000 24.144 49.189
b4 45.667 3.872 .000 33.144 58.189
b5 48.667 3.872 .000 36.144 61.189
b6 55.000" 3.872 .000 42.477 67.523
b7 63.667 3.872 .000 51.144 76.189
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b2 b -28.000° 3.872 000 -40.523 15.477
b3 8.667 3.872 642 -3.856 21.189

b4 17.667" 3.872 001 5.144 30.189

b5 20.667" 3.872 000 8.144 33.189

b6 27.000° 3.872 000 14.477 39.523

b7 35.667" 3.872 000 23.144 48.189

b3 b -36.667" 3.872 000 -49.189 -24.144
b2 -8.667 3.872 642 -21.189 3.856

b4 9.000 3.872 526 -3.523 21.523

b5 12.000 3.872 073 -523 24.523

b6 18.333" 3.872 001 5.811 30.856

b7 27.000° 3.872 000 14.477 39.523

b4 b -45.667" 3.872 000 -58.189 -33.144
b2 -17.667" 3.872 001 -30.189 -5.144

b3 -9.000 3.872 526 -21.523 3.523

b5 3.000 3.872 1.000 -9.523 15.523

b6 9.333 3.872 428 -3.189 21.856

b7 18.000° 3.872 001 5.477 30.523

b5 b -48.667° 3.872 000 -61.189 -36.144
b2 -20.667" 3.872 000 -33.189 -8.144

b3 -12.000 3.872 073 -24.523 523

b4 -3.000 3.872 1.000 -15.523 9.523

b6 6.333 3.872 1.000 6.189 18.856

b7 15.000° 3.872 008 2477 27.523

b6 b -55.000° 3.872 000 -67.523 -42.477
b2 -27.000° 3.872 000 -39.523 -14.477

b3 -18.333" 3.872 001 -30.856 -5.811

b4 -9.333 3.872 428 -21.856 3.189

b5 -6.333 3.872 1.000 -18.856 6.189

b7 8.667 3.872 642 -3.856 21.189

b7 bt -63.667" 3.872 000 -76.189 -51.144
b2 -35.667" 3.872 000 -48.189 -23.144

b3 -27.000° 3.872 000 -39.523 -14.477

b4 -18.000° 3.872 001 -30.523 -5.477

b5 -15.000° 3.872 008 -27.523 -2.477

b6 -8.667 3.872 642 -21.189 3.856

a2 bf b2 44.667° 3.872 000 32.144 57.189
b3 63.000° 3.872 000 50.477 75.523

b4 74.000° 3.872 000 61.477 86.523

b5 77.667° 3.872 000 65.144 90.189

b6 81.667" 3.872 000 69.144 94.189
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b7 87.333° 3.872 000 74.811 99.856

b2 b -44.667" 3.872 000 -57.189 -32.144
b3 18.333" 3.872 001 5.811 30.856

b4 29.333° 3.872 000 16.811 41.856

b5 33.000° 3.872 000 20.477 45.523

b6 37.000° 3.872 000 24.477 49.523

b7 42.667° 3.872 000 30.144 55.189

b3 b -63.000° 3.872 000 -75.523 -50.477
b2 -18.333" 3.872 001 -30.856 -5.811

b4 11.000 3.872 145 -1.523 23.523

b5 14.667" 3.872 010 2.144 27.189

b6 18.667" 3.872 000 6.144 31.189

b7 24.333° 3.872 000 11.811 36.856

b4 b -74.000° 3.872 000 -86.523 -61.477
b2 -29.333" 3.872 000 -41.856 -16.811

b3 -11.000 3.872 145 -23.523 1,523

b5 3.667 3.872 1.000 -8.856 16.189

b6 7.667 3.872 1.000 -4.856 20.189

b7 13.333" 3.872 028 811 25.856

b5 b -77.667° 3.872 000 -90.189 -65.144
b2 -33.000° 3.872 000 -45.523 -20.477

b3 -14.667" 3.872 010 -27.189 -2.144

b4 -3.667 3.872 1.000 -16.189 8.856

b6 4.000 3.872 1.000 -8.523 16.523

b7 9.667 3.872 348 -2.856 22.189

b6 b -81.667" 3.872 000 -94.189 -69.144
b2 -37.000° 3.872 000 -49.523 -24.477

b3 -18.667" 3.872 000 -31.189 -6.144

b4 -7.667 3.872 1.000 -20.189 4.856

b5 -4.000 3.872 1.000 -16.523 8.523

b7 5.667 3.872 1,000 -6.856 18.189

b7 bt -87.333" 3.872 000 -99.856 -74.811
b2 -42.667" 3.872 000 -55.189 -30.144

b3 -24.333" 3.872 000 -36.856 -11.811

b4 -13.333" 3.872 028 -25.856 -811

b5 -9.667 3.872 348 -22.189 2.856

b6 -5.667 3.872 1,000 -18.189 6.856

a3 bf b2 21.333° 3.872 000 8.811 33.856
b3 36.333" 3.872 000 23.811 48.856

b4 43.333° 3.872 000 30.811 55.856

b5 55.000° 3.872 000 42.477 67.523




b6 65.667" 3.872 .000 53.144 78.189
b7 71.333 3.872 .000 58.811 83.856
b2 b1 -21.333" 3.872 .000 -33.856 -8.811
b3 15.000° 3.872 .008 2.477 27.523
b4 22.000 3.872 .000 9.477 34.523
b5 33.667" 3.872 .000 21.144 46.189
b6 44.333 3.872 .000 31.811 56.856
b7 50.000 3.872 .000 37.477 62.523
b3 b1 -36.333" 3.872 .000 -48.856 -23.811
b2 -15.000 3.872 .008 -27.523 -2.477
b4 7.000 3.872 1.000 -5.523 19.523
b5 18.667" 3.872 .000 6.144 31.189
b6 29.333" 3.872 .000 16.811 41.856
b7 35.000 3.872 .000 22477 47.523
b4 b1 -43.333" 3.872 .000 -55.856 -30.811
b2 -22.000 3.872 .000 -34.523 -9.477
b3 -7.000 3.872 1.000 -19.523 5.523
b5 11.667 3.872 .092 -.856 24.189
b6 22.333" 3.872 .000 9.811 34.856
b7 28.000 3.872 .000 15.477 40.523
b5 b1 -55.000 3.872 .000 -67.523 -42.477
b2 -33.667" 3.872 .000 -46.189 -21.144
b3 -18.667" 3.872 .000 -31.189 -6.144
b4 -11.667 3.872 .092 -24.189 .856
b6 10.667 3.872 .182 -1.856 23.189
b7 16.333" 3.872 .003 3.811 28.856
b6 b1 -65.667" 3.872 .000 -78.189 -53.144
b2 -44.333’ 3.872 .000 -56.856 -31.811
b3 -29.333’ 3.872 .000 -41.856 -16.811
b4 -22.333’ 3.872 .000 -34.856 -9.811
b5 -10.667 3.872 .182 -23.189 1.856
b7 5.667 3.872 1.000 -6.856 18.189
b7 b1 -71.333" 3.872 .000 -83.856 -58.811
b2 -50.000" 3.872 .000 -62.523 -37.477
b3 -35.000 3.872 .000 -47.523 -22.477
b4 -28.000 3.872 .000 -40.523 -15.477
b5 -16.333" 3.872 .003 -28.856 -3.811
b6 -5.667 3.872 1.000 -18.189 6.856

Based on estimated marginal means
*. The mean difference is significant at the 0.05 level.

b. Adjustment for multiple comparisons: Bonferroni.
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Univariate Tests

Dependent Variable: 4l 4 3)

A Sum of Squares df Mean Square F Sig.

ail Contrast 7940.000 6 1323.333 58.836 .000
Error 944.667 42 22.492

a2 Contrast 16676.571 6 2779.429 123.574 .000
Error 944.667 42 22.492

a3 Contrast 11443.238 6 1907.206 84.795 .000
Error 944.667 42 22.492

Each F tests the simple effects of B within each level combination of the other effects shown. These tests are

based on the linearly independent pairwise comparisons among the estimated marginal means.

Univariate Analysis of Variance

Notes

Output Created 30-JUN-2025 11:19:25
Comments
Input Active Dataset DataSet4

Filter <none>

Weight <none>

Split File <none>
Syntax UNIANOVAAntioxidantActivity BY A B

IMETHOD=SSTYPE(3)
/INTERCEPT=INCLUDE

Resources Processor Time

Elapsed Time

JEMMEANS=TABLES(A) COMPARE ADJ(LSD)
JEMMEANS=TABLES(B) COMPARE ADJ(LSD)
JEMMEANS=TABLES(A*B) COMPARE (B) ADJ(BONFERRONI)
JCRITERIA=ALPHA(0.05)
/DESIGN=A B A*B.
00:00:00.00
00:00:00.00

UNIANOVA AntioxidantActivity BY A B

/METHOD=SSTYPE (3)
/INTERCEPT=INCLUDE

/EMMEANS=TABLES (A) COMPARE ADJ (LSD)
/EMMEANS=TABLES (B) COMPARE ADJ (LSD)

(
/EMMEANS=TABLES (A*B)
/CRITERIA=ALPHA (0.05)
/DESIGN=A B A*B.




Univariate Analysis of Variance

Output Created
Comments

Input

Missing Value Handling

Notes
30-JUN-2025 11:20:24
Active Dataset DataSet4
Filter <none>
Weight <none>
Split File <none>

N of Rows in Working Data
File
Definition of Missing

Cases Used

63

User-defined missing values are treated as missing.
Statistics are based on all cases with valid data for

all variables in the model.

Syntax UNIANOVA AntioxidantActivity BY A B
IMETHOD=SSTYPE(3)
/INTERCEPT=INCLUDE
JEMMEANS=TABLES(A) COMPARE ADJ(LSD)
JEMMEANS=TABLES(B) COMPARE ADJ(LSD)
/EMMEANS=TABLES(A*B)
/CRITERIA=ALPHA(0.05)
/DESIGN=A B A*B.
Resources Processor Time 00:00:00.02
Elapsed Time 00:00:00.02
Between-Subjects Factors
N
A al 21
a2 21
a3 21
B b1 9
b2 9
b3 9
b4 9
b5 9
b6 9
b7 9




Tests of Between-Subjects Effects
Dependent Variable: Antioxidant Activity

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 858.7382 20 42.937 44.756 .000
Intercept 2194.151 1 2194.151 2287.103 .000
A 568.026 2 284.013 296.045 .000
B 262.293 6 43.715 45.567 .000
A*B 28.419 12 2.368 2.469 .015
Error 40.293 42 .959
Total 3093.182 63
Corrected Total 899.031 62

a. R Squared = .955 (Adjusted R Squared = .934)

Estimated Marginal Means

1.A

Estimates
Dependent Variable: Antioxidant Activity

95% Confidence Interval

A Mean Std. Error Lower Bound Upper Bound

ail 10.108 214 9.677 10.540
a2 3.296 214 2.865 3.728
a3 4.300 214 3.868 4.731

Pairwise Comparisons
Dependent Variable: Antioxidant Activity

95% Confidence Interval for

Mean Difference Difference®
(HA (DA (I-J) Std. Error Sig.” Lower Bound Upper Bound
ail a2 6.812" .302 .000 6.202 7.422
a3 5.808" .302 .000 5.198 6.418
a2 al -6.812" .302 .000 -7.422 -6.202
a3 -1.003" .302 .002 -1.613 -.393
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) &
a3 al -5.808" .302 .000 -6.418 -5.198
a2 1.003" .302 .002 .393 1.613

Based on estimated marginal means

*. The mean difference is significant at the 0.05 level.

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).

Univariate Tests
Dependent Variable: Antioxidant Activity

Sum of Squares df Mean Square F Sig.
Contrast 568.026 2 284.013 296.045 .000
Error 40.293 42 .959

The F tests the effect of A. This test is based on the linearly independent pairwise

comparisons among the estimated marginal means.

2.B

Estimates
Dependent Variable: Antioxidant Activity

95% Confidence Interval

B Mean Std. Error Lower Bound Upper Bound

b1 3.421 .326 2.763 4.080
b2 4.017 .326 3.358 4.676
b3 4.529 .326 3.870 5.188
b4 5.446 .326 4.787 6.105
b5 6.828 .326 6.169 7.487
b6 7.388 .326 6.730 8.047
b7 9.681 .326 9.022 10.340

Pairwise Comparisons
Dependent Variable: Antioxidant Activity

95% Confidence Interval for

Mean Difference Difference®
(B (J)B (I-J) Std. Error Sig.p Lower Bound Upper Bound
b1 b2 -.596 462 .204 -1.527 .336
b3 -1.108 462 .021 -2.039 -.176
b4 -2.025 462 .000 -2.957 -1.093
b5 -3.406 462 .000 -4.338 -2.474
b6 -3.967 462 .000 -4.899 -3.035
b7 -6.259" 462 .000 -7.191 -5.327
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b2 b1 .596 462 .204 -.336 1.527
b3 -.512 462 274 -1.444 420
b4 -1.429 462 .003 -2.361 -.497
b5 -2.811" 462 .000 -3.742 -1.879
b6 -3.371° 462 .000 -4.303 -2.440
b7 -5.664" 462 .000 -6.595 -4.732

b3 b1 1.108 462 .021 176 2.039
b2 512 462 274 -.420 1.444
b4 -.917 462 .054 -1.849 .015
b5 -2.299 462 .000 -3.230 -1.367
b6 -2.859" 462 .000 -3.791 -1.928
b7 -5.152" 462 .000 -6.083 -4.220

b4 b1 2.025 462 .000 1.093 2.957
b2 1.429° 462 .003 497 2.361
b3 917 462 .054 -.015 1.849
b5 -1.381" 462 .005 -2.313 -.450
b6 -1.942" 462 .000 -2.874 -1.010
b7 -4.234" 462 .000 -5.166 -3.303

b5 b1 3.406° 462 .000 2.474 4.338
b2 2.811" 462 .000 1.879 3.742
b3 2.299 462 .000 1.367 3.230
b4 1.381° 462 .005 450 2.313
b6 -.561 462 .231 -1.493 371
b7 -2.853' 462 .000 -3.785 -1.921

b6 b1 3.967 462 .000 3.035 4.899
b2 3.371 462 .000 2.440 4.303
b3 2.859 462 .000 1.928 3.791
b4 1.942° 462 .000 1.010 2.874
b5 .561 462 .231 -.371 1.493
b7 -2.292° 462 .000 -3.224 -1.360

b7 b1 6.259 462 .000 5.327 7.191
b2 5.664" 462 .000 4.732 6.595
b3 5.152" 462 .000 4.220 6.083
b4 4.234° 462 .000 3.303 5.166
b5 2.853 462 .000 1.921 3.785
b6 2.292° 462 .000 1.360 3.224

Based on estimated marginal means
*. The mean difference is significant at the 0.05 level.

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).
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Univariate Tests
Dependent Variable: Antioxidant Activity

Sum of Squares df Mean Square F Sig.
Contrast 262.293 6 43.715 45.567 .000
Error 40.293 42 .959

The F tests the effect of B. This test is based on the linearly independent pairwise comparisons among the

estimated marginal means.

3.A*B
Dependent Variable: Antioxidant Activity

95% Confidence Interval

A B Mean Std. Error Lower Bound Upper Bound
al b1 6.435 .565 5.294 7.577
b2 7.321 .565 6.180 8.463
b3 8.102 .565 6.961 9.243
b4 10.260 .565 9.119 11.401
b5 11.941 .565 10.800 13.082
b6 12.741 .565 11.600 13.882
b7 13.957 .565 12.816 15.099
a2 b1 1.872 .565 731 3.013
b2 1.952 .565 .811 3.093
b3 2.139 .565 .998 3.280
b4 2.406 .565 1.265 3.547
b5 4.011 .565 2.870 5.152
b6 3.476 .565 2.335 4.617
b7 7.219 .565 6.078 8.360
a3 b1 1.957 .565 .816 3.098
b2 2.778 .565 1.636 3.919
b3 3.346 .565 2.205 4.488
b4 3.673 .565 2.531 4.814
b5 4.531 .565 3.390 5.672
b6 5.948 .565 4.807 7.090
b7 7.866 .565 6.724 9.007
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Abstract

The present study aimed to extract chitosan from the scales of two local fish
species, Tenualosa ilisha (suboor) and Cyprinus carpio (shemty), using the
chemical method, and to evaluate some of its functional, physicochemical, and
biological properties. The extraction process included deproteinization,
demineralization, and deacetylation steps. The chitosan yield was 16.56% for

suboor and 29.55% for shemty.

The physicochemical characteristics revealed a decrease in protein content
(0.014% for suboor and 0.0014% for shemty) and ash content (0.438% for suboor
and 0.427% for shemty), indicating the efficiency of the deproteinization and
demineralization processes. No significant differences were observed in the
degree of deacetylation, which reached 86.19% for suboor and 85% for shemty.
Based on these results, both types of chitosan were classified as Highly

Deacetylated Degree (HDD) chitosan.

FTIR analysis confirmed the presence of characteristic absorption bands of amino
(-NH:), carbonyl (C=0), and ether (C—O—C) groups, indicating the successful
deacetylation of chitin into high-purity chitosan. XRD results showed crystallinity
degrees of 64.42% for suboor and 64.59% for shemty, demonstrating a well-

ordered crystalline structure as a result of the efficient extraction process.

The extracted chitosan exhibited high solubility in acidic medium (1% acetic
acid), exceeding 96% for both types. The shemty chitosan showed significantly
lower molecular weight and viscosity than suboor chitosan, with values of

126.765 KDa and 30.477 cPs, respectively, compared to 226.1 KDa and 51.126

cPs for suboor chitosan.

Regarding functional properties, shemty chitosan exhibited higher oil binding
capacity (463.98%) compared to suboor (337.3%), while no significant
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differences were observed in water binding capacity, recorded at 350.8% and

360.9%, respectively.

For antibacterial activity, shemty chitosan demonstrated a strong inhibitory effect
against both Gram-negative Escherichia coli and Gram-positive Staphylococcus
aureus at concentrations of (0.25, 0.50, 0.75, 1.00, 1.50, and 2.00 pg/ml). The
inhibition zones for E. coli were (19.67, 18.00, 16.00, 15.33, 13.33, and 12.67
mm), while for Staph. aureus they were (15.67, 15.33, 15.00, 14.00, and 11.67
mm), respectively. In contrast, suboor chitosan inhibited the growth of E. coli at
all concentrations (19.33, 18.33, 16.67, 15.33, and 14.33 mm), whereas Staph.

aureus showed resistance to suboor chitosan with no inhibition zones recorded.

These findings confirm that fish scale wastes of suboor and shemty can serve as
promising sources for the production of high-quality chitosan with excellent
physicochemical, functional, and biological properties, supporting its potential

use 1n industrial, medical, and environmental applications.




